DOCUMENT RESUME 



ED 275 865 



CE 045 461 



AUTHOR 
TITLE 

INSTITUTION 
REPORT NO 
PUB DATE 
NOTE 

PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



Sutliff, Ronald D.; And Others 
Fundamentals of Refrigeration. 
Marine Corps Inst., Washington, DC. 
MCI-11-61 
30 Jun 86 

209p.; Document is set in small type. Some graphics 
may not reproduce clearly. 

Guides - Classroom Use - Materials (For Learner) 
(051) 

MF01/PC09 Plus Postage. 

*Air Conditioning Equipment; Autoinstructional Aids; 
Continuing Education; Course Content; Extension 
Education; Independent Study; Learning Activities; 
Military Personnel; *Military Training; Postsecondary 
Education; *Ref rigeration; *Ref rigeration Mechanics; 
Service Occupations; Skilled Occupations 
IDENTIFIERS Marine Corps; Military Curriculum Materials 

ABSTRACT 

This self-study course is designed to familiarize 
Marine enlisted personnel with the principles of the refrigeration 
process. The course contains five study units. Each study unit begins 
with a general objective, which is a statement of what the student 
should learn from the unit. The study units are divided into numbered 
work units, each presenting one or more specific objectives. Text is 
furnished, illustrated as needed, for each work unit. At the end of 
the work units are study questions, with answers listed at the end of 
the study unit. A review lesson completes the course. The five units 
of the course cover the following subjects: fundamentals of 
refrigeration, refrigerants and lubricants, refrigeration systems and 
components, refrigeration controls, and air conditioning. (KC) 



**************************************************** ******************* 

* Reproductions supplied by EDRS are the best that can be made 1 

* from the original document. * 
*********************************************************************** 



OMotrtf OuoaNonal Rattan* and Improvamant 



fe^to dpcumant hat boon raproducad w 
r r *FT vt J? ,rwn ,h * PW«on or organitttion 
originating it 

° IHl! 0 *^?.^* hiva bttn maoa to improvt 
'•production quality. 

• Pdntaotvtawofopinionaataladinthiadoeth 
OCRI portion or poNcy. 



UNITED STATES MARINE CORPS 

MARINE CORPS INSTITUTE 
ARLINGTON. VA 22222-0001 



11.61 

30 June 1986 



'< . ORIGIN 

MCI course 11.61, Fundamentals of Refrigeration , has been prepared by the 
Marine Corps Institute. 
2. APPLICABILITY 

This course 1s for Instructional purposes only. 

H. L. HUWS 
Deputy Director 
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MCI-R241-NRL 

INFORMATION 



FOR 



MCI STUDENTS 

Welcome to the Marine Corps Institute training program. Your Interest in 
self-Improvement and Increased professional competence 1s commendable. 

Information 1s provided below to assist you in completing the course. 
Please read this guidance before proceeding with your studies. 

1. MATERIALS 

Check your course materials. You should have all the materials listed In 
the "Course Introduction." In addition you should have an envelope to mall 
your review lesson back to MCI for grading unless your review lesson answer 
sheet 1s of the self-mailing type. If your answer sheet 1s the pre-prlnted 
type, check to see that your name, rank, and social security number are 
correct. Check closely, your MCI records are kept on a computer and any 
discrepancy In the above Information may cause your subsequent activity to go 
unrecorded. You may correct the Information directly on the answer sheet. If 
you did not receive all your materials, notify your training NCO. If you are 
not attached to a Marine Corps unit, request them through the Hotline (autovon 
288-4175 or commercial 202-433-4175). 

2. LESSON SUBMISSION 

The self-graded exercises contained in your course are not to be returned 
to MCI. Only the completed review lesson answer sheet should be mailed to 
MCI. The answer sheet 1s to be completed and mailed only after you have 
finished all of the study units In the course booklet. The review lesson has 
been designed to prepare you for the final examination. 

It 1s Important that you provide the required Information at the bottom of 
your review lesson answer sheet If it does not have your name and address 
printed on It. In courses In which the work 1s submitted on blank paper or 
printed forms, Identify each sheet in the following manner: 

DOE, John J. Sgt 332-11-9999 
08. 4g, Forward Observation 
Review Lesson 

Military or office address 
(RUC number, If available) 

Submit your review lesson on the answer sheet and/or forms provided. 
Complete all blocks and follow the directions on the answer sheet for 
mailing. Otherwise, your answer sheet may be delayed or lost. If you have to 
Interrupt your studies for any reason and find that you cannot complete your 
course In one year, ycu may request a single six month extension by contacting 
your training NCO, at least one month prior to your course completion deadline 
date. If you are not attached to a Marine Corps unit you may make this 
request by letter. Your commanding officer 1s notified monthly of your status 
through the monthly Unit Activity Report. In the event of difficulty, contact 
your training NCO or MCI Immediately. 



3. MAIL -TIME DELAY 



Presented below are the mall -time delays that you may experience between 
the mailing of your review lesson and Its return to you. 



EAST COAST 
WEST COAST 
FPO NEW YORK 
FPO SAN FRANCISCO 



TURNAROUND 
MAIL TIME 

It> 

16 

18 

22 



MCI PROCESSING 

TIME 
5 

5 

5 

5 



TOTAL NUMBER 

DAYS 
21 

21 

23 

27 



You may also experience a short delay 1n receiving your final examination 
due to administrative screening required at MCI. 



4. GRADING SYSTEM 
LESSONS 



EXAMS 



GRADE 


PERCENT 


MEANING 


GRADE 


PERCENT 


A 


94-100 


EXCELLENT 


A 


94-100 


B 


86-93 


ABOVE AVERAGE 


B 


86-93 


C 


78-65 


AVERAGE 


C 


78-85 


D 


70-77 


BELOW AVERAGE 


D 


65-77 


NL 


BELOW 70 


FAILING 


F 


BELOW 65 



You will receive a percentage grade for your review lesson and for the 
final examination. A review lesson which receives a score below 70 1s given a 
grade of NL (no lesson). It must be resubmitted and PASSED before you will 
receive an examination. The grade attained or the final exam 1s your course 
grade, unless you full your first exam. Those who fall their first exam will 
be sent an alternate exam 1n which the highest grade possible 1s 65%. Failure 
of the alternate will result 1n failure of the course. 

5. FINAL EXAMINATION 

ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination 
will be mailed automatically to your commanding officer. The administration 
of MCI final examinations must be supervised by a commissioned or warrant 
officer or a staff NCO. 

OTHER PERSONNEL: Your examination may be administered and supervised by 
your supervisor. 

6. COMPLETION CERTIFICATE 

The completion certificate will be mailed to your commanding officer and 
your official records will be updated automatically. For non Marines, your 
completion certificate 1s mailed to your supervisor. 
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7. RESERVE RETIREMENT CREDITS 

Reserve retirement credits are awarded to Inactive duty personnel only. 
Credits awarded for each course are listed In the "Course Introduction." 
Credits are only awarded upon successful completion of the course. Reserve 
retirement credits are not awarded for MCI study performed during drill 
periods If credits are also awarded for drill attendance. 

8. AMERICAN COUNCIL ON EDUCATION (ACE) ACCREDITATION 

Many of MCI's MOS courses have been evaluated by ACE and determined to 
have equivalency credit In either the Vocational Certificate (VC) category or 
the Baccalaureate/Associate Degree (BA) level. 

If you are enrolled In a college or vocational program or plan to enroll 
and have completed one or more MCI courses, you may be able to receive college 
or vocational credit for them. All that you need to do Is to petition your 
school to see If they will award you credit for the courses that apply to your 
program area. You will need your completion certificate, and the Evaluation 
of Educational Experiences In the Armed Services. 

9. DISENROLLMENT 

Only your commanding officer can request your dlsenrollment from an MCI 
course. However, an automatic dlsenrollment occurs If the course Is not 
completed (Including the final exam) by the time you reach the CCD (course 
completion deadline) or the ACCD (adjusted course completion deadline) date. 
This action win adversely affect the unit's completion rate. 

10. ASSISTANCE 

Consult your training NCO If you have questions concerning course 
content. Should he/she be unable to assist you, MCI Is ready to help you 
whenever you need It. Please use the Student Course Content Assistance 
Request Form (ISD-1) attached to the end of your course booklet or call one of 
the AUTOVON telephone numbers listed below for the appropriate course writer 
section. 

Personnel /Administration/Corrections/Logistics 288-3259 
Embarkation/Maintenance Management 

Communlcatlons/Electronlcs/Avlatlon/NBC/Intell Igence 288-3604 
Infantry 288-3611 
Engineer /Motor Transport/Utilities 288-2275 
Supply/Food Services/Fiscal 288-2235 
Tanks/Artlllery/Infantry Weapons Repair 288-2290 
Assault Amphibian Vehicles 



288. 



For administrative problems use the UAR or call the MCI HOTLINE: 288-4175 
For commercial phone lines, use area code 202 and prefix 433 Instead of 
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FUNDAMENTALS OF REFRIGERATION 



Course Introduction 

FUNDAMENTALS OF REFRIGERATION 1s designed to familiarize the student with the 
principles of the refrigeration process. 



ADMINISTRATIVE INFORMATION 
ORDER OF STUDIES 



Study Unit 


Study 


Subject Hatter 


Number 


Hours 


1 


3 


Fundamentals of Refrigeration 


2 


4 


Refrigerants and Lubricants 


3 


5 


Refrigeration Systems and Components 


4 


4 


Refrigeration Controls 


5 


4 


Air Conditioning 




3 


REVIEW LESSON 




3 


FINAL EXAMINATION 




2? 





RESERVE RETIREMENT 
CREDITS: 

EXAMINATION: 



MATERIALS: 



RETURN OF MATERIALS: 



Supervised final examination without text or notes with a time 
limit of 3 hours. 

MCI 11.61, Fundamentals of Refrigeration, 
Review lesson and answer sneet. 

Students who successfully complete this course are permitted to 
keep the course materials. 

Students dlsenrolled for Inactivity or at the request of their 
commanding officer will return all course materials. 



TM 5-745 

NAVEDTRA 10660 
NAVEDTRA 10661 
NAVEDTRA 13004 



SOURCE MATERIALS 



Heating, Ventilating Air-conditioning and Sheet Metal Works , Oct 
TU55 

Utimiesman 
UtllHIesman 



3 & 2 , Vol 1, 1983 
TT7, Vol 2, 1983 



Refrigeration and A1r-Cond1t1on1ng , 1980 



HOW TO TAKE THIS COURSE 

This course contains 5 study ur,1ts. Each study unit begins with a general objective 
which 1s a statement of what you should learn from the study unit. The study units are 
divided Into numbered work units, each presenting one or more specific objectives. Read the 
objectlve(s) and then the work unit text. At the end of the work unit are study questions 
which you should be able to answer without referring to the text of the work unit. After 
answering the questions, check your answers against the correct ones listed at the end of the 
study unit. If you miss any of the questions > you should restudy the text of the work unit 
until you understand the correct responses. When you have mastered one study unit, move on to 
the next. After you have completed all study units, complete the review lesson and take 1t to 
your training officer or NCO for mailing to MCI. MCI will mall the final examination to your 
training officer or NCO when you pass the review lesson. 
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MARINE CORPS MST1TUTE 



Welcome to the Marine Corps 
Institute correspondence training pro* 
gram. By enrolling in this course, you 
have shown a desire to improve the 
skills you need for effective job perfor- 
mance, and MCI has provided materials 
to help you achieve your goal. Now all 
yon need is to develop your own method 
Tor using these materials to best advan- 
tage. 

The following guidelines present 
a four-part approach to completing your 
MCI course successfully: 

1. Make a.'Yeconnaissanee" of 
your materials; 

2. Plan your study time and choose 
a good siudy en\ ironmewt 

3, Study thoroughly and avsiem- 
atically: 

4, Prepare lor ihe final exam. 

L MAM" A 'RECONNAISSANCE ' Of 
YOUR MATERIALS 

Begin u iih a look at the course 
introduction page. Read the COl'RST! 
INTRODUCTION to get the "big picture 
or the course. Then read the MATERIAL? 
section near the bottom of the page in 
find out which testis) unci study aids you 
should have received with the course. 
If any of me listed materials are miss- 
ing, see Information for MC I St udents 
to find out how to get them. If you ha\ c 
everything that is listed, you are ready 
to 'Yeconnoiter" your MCI course. 




Read through the table(a) of con- 
tents or your test<s). Xoie the various 
Subjects covered in the course and the 
order in which they are taught. Leaf 
through the text(s) and look ut the ilJus- 



S 
T 
U 
D 
Y 

G 
U 
I 

D 
E 



tratione. Read a few work unit ques- 
tions to get an idea of the types thtt are 
asked. If MCI provides other study 
aids, such as a slide rule or a plotting 
board, familiarize yourself with them. 
Now, get Jown to specifics ! 

II. PLAN YOUR STUDY TIME AND 

CHOOSE A GOOD ST'.'DY ENVIRON- 
MENT 

From looking over the course 
materials, you should have some idea 
of how much study you will need to com- 
plete this course. But "some idea* 1 is 
not enough. You need to work up a 
personal siudy plan: the following steps- 
should give you some help. 



(a) Get a calendar and mark tl 
ayrt of the week when you have tint 



those 

day* of the week when you have time 
free for study. Two study periods per 
week., each lasiing 1 to 3 hours, are 
suggested for completing the minimum 
iwo study uniis required each momh by 
MCI, Of course, work and other 
schedules are not the same for everyone. 
The import ant thing is that you schedule 
a regular time for study on the same 
days ofeach week. 
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[Hj Itoad ihe course introduction 
page again. The section marked ORDER 
Ol STUDIES tells you the number of 
siu<l\ units in the course and the approx- 
imate number of study hour's you will 
need to complete each study unii. Plug 
these study hours into your schedule . 
Kor example, if you set aside two 2-hour 
study periods each week and the ORDER 
Of* STI'OIES estimates 2 study hours for 
your first siudy unit, you could easily 
schedule and complete ihe first study 
unit in one study period. On your calen- 
dar you would mark "Study Unit l" on the 



BEST COPY AVAILABLE 



appropriate day. Suppose that the 
second study unit of your course re- 
quires 3 study hours, in that case, you 
would divide the study unit in hair and 
work on each half during a aeparate 
atudy period. You would mark your 
calendar accordingly. Indicate on your 
calendar exactly when you plan to work 
on each study unit for the entire course. 
Do not forget to schedule one or two 
study periods to prepsre for the final 
exam. 

© Stick to your schedule. 

Beside planning your study 
time, you she aid also choose s study 
environment thai is right for you. Most 
people need a quiet place for study, like 
a library or s reading lounge: other 
people study better where there is back- 
ground music: still others prefer to study 
out-of-doors. You must choose your 
study environment carefully so that it 
fits your individual needs. 

III. STI OY THOROUGHLY AND 
SYSTEMATICALLY 

Armed with a workable schedule 
and situated in a good study environment 
you are now ready to attack your course 
atudy unit by study unit. To begin, turn 
to the first page of study unit 1. On this 
page you will find the study unit objective, 
a statement of what you should be able to 
do after completing the study unit. 

DO NOT begin by reading the 
work unit questions and Hipping through 
the text for anawera. if you do so, 
you Hill prepare to fail, not pass, the 
final exam. Instead, proceed as fol- 
lows: 

(a) Read the objective for the 
first work unit and then read the work 
unit text carefully. Make notes on 
the ideas yon feel are important. 



(3) Without rc'?rring to the test, 
answer the questions at the end of the 
work unit. 

Check your answers against 
the correct onea listed at the end of 
4 *e study unit. • 

(D) If you miss sny of the questions, 
restudy the work unit until you understsnd 
the correct response. 

• © Goon to the next work unit snd re- 
jest steps (A) through (5) until you have com- 
tfeted all the work units in the study unit. 



vi 
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Follow the time procedure for esch 
atudy unit of the course. If you have 
problems with the text or work unit questions 
that you cannot solve on your own. ask 
your section OIC or NCOIC for hslp. If 
he cannct sid you. request assistance from 
MCI on the Student Course Content Assis- 
tsnce Request included with this course. 

When you have finished all the study 
units, complete the course review lesson. 
Try to answer each question without the sld of 
reference materials. However* If you do not 
know an answer, look It up. When you hsve 
finished the lesson, take It to your training 
officer or NCO for mailing to MCI. MCI 
will grade it and send you a feedback aheet 
Hating course references for any questions 
that you miss. 



IV. PREPARE rOR THE KlXAI. EXAM 




How do you prepare for the final 
exam' 1 Follow th^so four rtteps: 

^) Review esch study unit object! \< 
s summary of what was tsught in the 



as 

course. 



that 



(j?) Reread all portions of the text 
yon round particularly difficult. 



©Hevi«*it all nV work unit questions, 
paying spccinl attention to those you missed 
the fjrrtt time around. 

© Study the course review 
lesson, paying particular attention 
to the questions you missed. 

If you follow these simple 
steps, you should do well on the 
final. GOOD LUCK f 
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STUDY UNIT 1 



FUNDAMENTALS OF REFRIGERATION 

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE LAWS 
OF REFRIGERATION, HEAT, PRESSURE, AND THE THREE PHYSICAL STATES OF A SUBSTANCE. 

Long before modern day refrigeration, there was a need for preserving food. Most 
foods when kept at room temperature, spoil very rapidly due tc the rapid growth of bacteria. 
Refrigeration temperatures of about 40° Fahrenheit (approximately 4° Celsius) slow the 
growth of bacteria, therefore foods can be kept for longer periods of time. Besides 
preserving foods, refrigeration can be used for air conditioning, for cooling beverages, and 
for controlling the humidity of the air. 

We have learned through our western history that refrigeration was first used by the 
ancient Egyptians, Greeks, and Romans, who cooled water 1n vessels of porous material which 
extracted some of the heat by evaporation* History also reveals that the snows of Lebanon 
were brought by slaves to cool the wine for Caesar's fecsts. Foods were kept fresh by placing 
them 1n vessels which were Immersed 1n cool running streams. As time passed, farmers used 
spring houses made of stone and erected over flowing streams to obtain water for their 
household use. The temperature of the spring water was much lower than that of the outside 
air. This temperature difference was the basis for our great grandfather's version of 
refrigeration. Still another method of preserving food, extensively used throughout the New 
England and Middle Atlantic States, was that of chopping and sawing 1ce from lakes and ponds 
1n the winter and storing 1t 1n cellars Insulated with sawdust and straw which were then used 
1n the hot summer months. During colonial times and well Into the nineteenth century, 1ce was 
an Important commodity used to trade with countries that did not produce natural 1ce. We can 
say that this method of trade was the beginning of commercial refrigeration. 

The first time that 1ce was made artificially was 1n 1820; however, artificially 
produced 1ce did not become practical until 1834. It was at this time that an American 
engineer named Jacob Perkins Invented an apparatus which was to become the forerunner of the 
modern compression systems. Refrigeration progress remained at a standstill until around 
1890, at which time there was a shortage of natural 1ce because of an unusual warm winter. 
From then on artificial 1ce making really began developing Into the great Industry that Is 
known today. 

The refrigeration field 1s expanding swiftly. As a result a need for refrigeration 
specialists Increases. 

As a Marine Refrigeration Technician (MOS 1161), you will be responsible for the 
Installation, operation, and maintenance of the refrigeration and air conditioning equipment 
that 1s used 1n the Marine Corps. 

This course will deal with the basic principles of refrigeration. Specific Hems of 
refrigeration equipment will be covered 1n a separate course of study. Consult the current 
edition of the Marine Corps institute Catalog for other courses pertaining to refrigeration 
equipment. 

Work Unit 1-1. FUNDAMENTALS 

STATE THE FIVE THERMAL LAWS OF REFRIGERATION. 

Li ST THE THREE PHYSICAL STATES OF A SUBSTANCE. 

In the study of refrigeration, 1t 1s Important at first to master some of the basic 
chemical, physical, and mechanical principles, since 1t must be noted from the start that all 
refrigeration systems depend on five thermal laws. You, as a refrigeration technician, should 
have a working knowledge of these five laws, as they will assist you 1n understanding what 1s 
taking place within the refrigeration system. The following 1s a 11st of these laws: 

Fluids absorb heat while changing from a liquid state to a vapor state, and they 
will give up heat 1n the process of changing from vapor to liquid. 

The temperature at which a change of state occurs 1s constant during the change 
provided the pressure remains constant. 

Heat flows only from a body which 1s at a higher temperature to a body which 1s at 
' a lower temperature (hot to cold). 
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In a git, the molecules art spread 10 far apart and art 10 free to mova that tht forct 
of gravity hat vary little tfftct on them. A gas m1 1 1» therefore, axpand In all directions. 
If you out a small Quantity of a oat Into a container, tht gas will quickly fill tht container 
uniformly. There will bt no level abovt which thtrt Is no gas, as thtrt Is In tht cast of tht 

liquid. 

Thtrt art many substances which can txlst 1n all thrtt statts depending upon their 
temperature and tht pressure txtrttd on them. You will be Introduced to some of the 
substances as you progress through this course. 

EXERCISE: Answer tht following qutstlons and chtck your responses against thost listed at 
tht end of this study unit. 

1. According to tht thtrmal laws ustd In refrigeration, heat flows In which direction? 



2. Tht ttmptraturt at which a changt of statt occurs Is constant during tht changt 
provided 

3. Othtr forms of tntrgy In addition to energy are Interchangeable. 

4. What must tht mttalllc parts of tht evaporating and condtnslng unit possess 
according to tht thtrmal laws of refrigeration? 



5. In accordanct with tht thtrmal laws, at what point do fluids absorb heat? 



6. List the three physical states of matter. 

a. 

b. 

c. 



Work Unit 1-2. HEAT BEHAVIOR 

NAME THE TWO MEASUREMENTS OF HEAT. 

CONVERT TEMPERATURES FROM THE FAHRENHEIT SCALE TO THE CELSIUS SCALE AND VICE VERSA. 
DEFINE THE BRITISH THERMAL UNIT. 

CALCULATE THE QUANTITY OF HEAT NECESSARY TO PRODUCE A GIVEN TEMPERATURE CHANGE IN 
MATER. 

IDENTIFY THE DIFFERENCES BETWEEN SENSIBLE AND LATENT HEAT. 
NAME THE THREE TYPES OF HEAT TRANSFER. 

STATE THE TYPE OF HEAT TRANSFER USED MOST OFTEN IN REFRIGERATION. 

Perhaps you thought you would start out your study of refrigeration by studying COLD 
sinct this 1s a courst in rtfrlgtratlon. However, as odd as 1t may stem, you must always 
think 1n terms of HEAT to understand how a refrigerator, air conditioner, or any other 
refrigeration system works, and before you realize it, you will be thinking 1n terms of heat 
with the "pros." 

Heat, as was stated earlier, is a form of energy, and it has the ability to do 
■work." Electricity is another form of energy which has the ability to do work. Like other 
forms of tntrgy, heat energy cannot be measured directly like 'you measure gallons of water or 
pounds of steel. You can, however, measure the effect heat produces on a substance. Heat, 
when applied to most solids, makes them longer, wider, and/or taller. You know, for instance, 
that a section of a concrete pavement will expand when it absorbs heat in the summertime. 



• FAHRENHEIT SCALE 
tht mercury in tne ther 



Practically all toHdt and liquids will txpand whtn htat 1i applied; but, when heat 1s taken 
MWfrM t tMbittnct, that substance will contract. You will recall that hen 1s a form of 
energy which 1s not measureable m Itself, but the heat Intensity or temperature of a 
substance can be Measured on a temperature scale. 

^. . Temperature scales were formulated through the use of glass tubes with similar 
22!?^r!J! nd • rtltrVOl r f0r • "quid, »uch as mercury, that will expand and rise In the tube 
when heated. There are two types of scales commonly used 1n refrigeration and they are: 

----- — This scale figure 1-1, 1$ based on the relative positions of 
■ thermometer when water 1s at the freezing point and when water 1s bolHna. 
In order to use this Instrument to measure temperature 1n between these two points, the 
distance was divided Into 180 equal Increments which were called degrees . The point where 
water will either freeze or ice will melt, under normal atim>spherTcconJlt1ons, was labeled as 
3Z degrees. Whereas the location, on the scale (thermometer) where water would boll was 
Indicated as 212 degrees. 

k..^ ^AiJS^llfL^ft^: ID 1 * ; Mle f1 9 ure formally referred to as centigrade, was 
based on the secision to divide the area between the freezing and boiling points of water 

2S!° M « M » i S a L n S rill ! nti \i? ^ f ?r ee$ ind1cates the freezing point and 100 degrees Indicates 
the point at which water will boll. 

,h*— .I°I#!lfi t -.!°5l! ir J!!K !H e free f 1n » P°J nt of ***** and the boiling point of water were 
chosen as standards for both thermometers. These were chosen simply because water has a very 
constant freezing and boiling temperature, moreover, because water 1s a very common substance. 

Th* MHV J!! 9 #S% a r! M t S 0 !2? 1 J 10na1 lca1es that art sometimes used 1n the refrigeration field. 
The RANKIN (R) SCALE, which uses the same divisions as the Fahrenheit scale, but sets the zero 
0 , •i ci,t " tSe temperature where molecular action of all substances ceases. This 1s the 
point where no more heat can exist 1n a body and the temperature cannot be lowered any 
further. This point 1s referred to as " Absolute Zero ." This temperature corresponds to -460 
degrees Fahrenheit; therefore, water bolls at 572 degrees Rankin (212 degrees + 460 degrees), 
assuming a standard atmospheric pressure 1s present. *gr*« ; , 

The other scale 1s the KELVIN (K) SCALE , which uses the same division as the Celsius 
(formally centigrade) scale. Because of the larger division, absolute zero 1s 273 degrees 
below the standard setting. Therefore, water freezes at 273 degrees Kelvin and bolls at 373 
degrees Kelvin. 




m 

n 

M 

.a 



m, 

m, 




4 

caums 



4 



Fig 1-1. A comparison between the Celsius and the Fahrenheit thermometer scales. 



The last two scales are absolute scales and are used with very low temperature work 
such as cryogenics* Cryogenics refers to the use and creation of temperatures In the range of 
-157 degrees Celsius (C) down to -273 degrees Celsius, or -2S1 degrees Fahrenheit (F) down to 
-460 degrees Fahrenheit* You need to know only that the Kelvin and Ranklne scales exist and 
are used In refrigeration* Refer to figure 1-2 for a comparison of the four temperature 
scales used In refrigeration work* 




Fig 1-2* A comparison among Celsius, Fahrenheit, 

Kelvin and Ranklne thermometer scales* 

A - Boiling temperature of water* 

B - Standard conditions temperature* 

C - Freezing temperature of water* 

D - Temperature range for fresh foods* 

E - Range of evaporator temperature for 
foods* 

F - Temperature range for frozen food 
storage* 

G - Absolute Zero* 

As you work In the refrigeration field, from time to time It will become necessary for 
you to convert from Celsius to Fahrenheit or from Fahrenheit to Celsius* Most frequently, a 
conversion from one temperature scale to the other has been performed for you and shown on a 
conversion table* (Refer to t&ble 1-1*) 
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Table Temperature conversion. 
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•c 


-112.0 


-80 


-62.2 


- 110.2 


-79 


-61.7 


-101.4 


-76 


-61.1 


-106* 


-77 


-60.6 


-104.1 


-76 


-60.0 


-101.0 


-75 


-59.4 


-ioi a 


-74 


-58.9 


- 99 .4 


-73 


-58.3 


- 97.6 


-72 


-57.6 


- 95.6 


-71 


-57.2 


- MO 


-70 


-56.7 


- 92.2 


-69 


-56.1 


- 90.4 


-68 


-55.6 


- 66 6 


-67 


-55.0 


- 66.6 


-66 


-54.4 


- SS.0 


-65 


-53.9 


- 63.2 


-64 


-33.3 


- 81.4 


-63 


-52.8 


- 79.6 


-62 


-52.2 


- 77.8 


-61 


-51.7 


- 76.0 


-60 


-51.1 


- 74.2 


-59 


-50.6 


- 72.4 


-58 


-50.0 


- 70.6 


-57 


-49.4 


- 68.8 


-56 


-48.9 


- 67.0 


-55 


-48.3 


- 6S.2 


-54 


-47.8 


- 63.4 


-53 


-47.2 


- 61.6 


-52 


-46.7 


- 59.8 


-51 


-46.1 


- 58.0 


-SO 


-45.6 


- $6.2 


-49 


-45.0 


- S4.4 


-48 


-44.4 


- S2.6 


-47 


-43,9 


- 50.8 


-46 


-43.3 


- 49.0 


-45 


-42.8 


- 47.2 


-44 


-42.2 


- 45.4 


-43 


-41.7 


- 43.6 


-42 


-41.1 


- 41.8 


-41 


-40.6 


- 40,0 


-40 


— *IMJ 


- 38.2 


-39 


-39.4 


- 36.4 


-38 


-38.9 


- 34.6 


-37 


-38.3 


- 32.8 


-36 


-37 J 


- 314) 


-35 


-37.2' 


- 29.2 


-34 


-36.7 


- 27.4 


-33 


-36.1 


- 2S.6 


-32 


-33 4 


- 23 J 


-31 


-354) 


- 224) 


-30 


-34.4 


- 20.2 


-29 


-33.9 


- 18.4 


-28 


-33.3 


- 164 


-27 


-32 J 


- 14 J 


-26 


-32 J 


- 134) 


-25 


-31.7 


- tu 


-24 


-31.1 


- 9.4 


-23 


-304 


- 7.6 


-22 


-304) 


- 5.6 


-21 


-29.4 


- 44) 


-20 


-28.9 


- t2 


-19 


-28.3 


- 04 


-18 


-27 J 


1.4 


-17 


-27 J 


3.2 


-16 


-26.7 
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-14 


-25.6 


8.6 


-13 


-2S.0 


10.4 


-12 


-24.4 


12.2 
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-23.9 


14.0 


-10 
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15.6 


- 9 


-22.6 


17.6 
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-22.2 


19.4 
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-21.7 


21.2 
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-21.1 


23.0 


* S 
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24.6 


- 4 


-20.0 


26.6 


- 3 


-19.4 


28.4 


- 2 


-18.9 


30.2 


- 1 


-18.3 
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0 


-17,8 


33.6 


1 


-17.2 


33.6 


• 


-16.7 


37.4 


3 


-16,1 


39.2 


4 


-1S.6 


414) 


5 


-.154) 


42.8 


O 


- 14.4 


44.6 


j 


-13.9 


46.4 


a 

0 


-13.3 


48.2 


9 


-12.8 
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10 


-12.2 


51 J 


11 


-11.7 


53.6 


12 


-11.1 


55.4 


13 


-10.6 


57.2 


14 


-10.0 


59.0 


1] 


— 9,4 


60.6 


16 


- 8.9 


62.6 


17 


- 8.3 


64.4 


18 


- 7.8 


66.2 


19 




684) 
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- 6.7 


694 


2\ 


— 0.1 


71.6 


22 


— 9.0 


73 4 


*J 


— 9.U 


75.2 


24 


— 4.4 


774) 


25 


- 3.9 


76.8 
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— 3.3 


806 


27 


— «.t 


82.4 


ym 


— 2.2 ' 


84.2 




— 1,7 


86.0 


jo 


— 1 i 


87.8 


31 


- 06 


896 


32 


0,0 


91.4 


33 


0,6 


93.2 


34 


1.1 


950 




1.7 


96.8 


36 


2.2 


98.6 


37 


2.8 


100.4 


30 


3.3 


102.2 


39 


3.9 


1044) 


40 


4.4 


105.6 


41 


5.0 


107.6 


42 


5.6 


109.4 


43 


6.1 


111.2 


44 


6,7 


1134) 


45 


7.2 


114J 


46 


74 


116.6 


47 


8.3 


118.4 


48 


8.9 


120.2 


49 


9.4 
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52 
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S3 


11.7 
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12,6 


132.6 


34 


13.3 


134.6 


57 


13.9 


136.4 


so 


14.4 


1342 


99 


15,0 


• MA 


60 


15.6 


141 J 


41 


16.1 


143.6 


62 


16.7 


14],4 


63 


17 4 


147 J 


44 


17.6 


4atA 
1*941 


65 


16.3 


150.0 


44 


16.9 


152.6 


47 


it a 

19.* 


154.4 


68 


200 


156.2 


69 


«v>0 


158.0 


70 


21.1 


159.6 


71 


21.7 


161.6 


72 


M l 


163.4 


7j 


11 1 


165.2 


74 


11 1 
•J.J 


ID/41 


/J 


23.9 


166 J 


76 


24.4 


1706 


77 


25.0 


172.4 


78 


25.6 


174.2 


79 


26.1 




80 


26.7 


1774 


81 


27.2 


179.6 


62 


27.8 


181.4 


63 


28.3 


163.2 


04 


28.9 


1854) 


85 


29.4 


186.6 


86 
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JU.U 


188,6 


07 


JU.0 


190.4 


mm 

OB 


31.1 


192.2 


09 


11 9 

J1.7 


1944) 


90 


32.2 


195.6 


91 


324 


197.6 


9* 


33.3 


1M1 


tl 

9J 


33.9 


201 j 


OA 


34.4 


9A1 A 
4UJAI 


95 


354) 


204.8 


94 


35.0 


206.6 


97 


36.1 


208.4 


90 


36,7 


2 10 J 


99 


19 1 
J/.c 


2124) 


IfM 

10U 


374 


2134 


101 


U 1 


215.6 


102 


30.9 


2174 


103 


104 

J9.4 


219.2 


104 


404) 


221.0 


105 


404 


2224 


106 


41.1 


224.6 


107 


41.7 


226.4 


108 


42.2 


2T,2 


109 


424 


230.0 


110 


43J 


2314 


111 


43.9 


233.6 


112 


44.4 


235.4 


113 


4Sf) 


237.2 


114 


454 
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However, In the event that conversion tables are not available, formulas have been 
devised to facilitate the conversion. The formulas are based on the facts that Fahrenheit 
zero Is located 32° below Celsius zero, and that the distance between the freezing point pf 
water and the boiling point of water 1s 180° on the Fahrenheit scale and 100° on the 
Celsius scale* The conversion can be easily accomplished by a formula using either of the 
following equations: 

• To convert Celsius to Fahrenheit: 

OF - 1.8 (OC + 32) or °F ■ 9/5 °C + 32 

• To convert Fahrenheit to Celsius* 

°C - °F - 32 or oc - 5 (°F - 32) 

Example: To convert a room temperature of 30°C to Its equivalent on the 
Fahrenheit scale. 

OF - 1.8 x 30 + 32 - 54 + 32 • 86° or 

^F - 9 divided by 5 x 30 + 32 - 54 + 32 - 86© 

Example: To convert a room temperature of 50°F to Its equivalent on the Celsius 
scale. 

°C • (50 - 32) divided by 1.8 - (18) divided by 1.8 - 10° or 

°C - 5/9 (50-32) ■ 5/9 (18) - 90/9 - 10© 

You have just learned one way In which heat Is measured: by the HEAT INTENSITY of a 
substance. Now, you will learn the other method by which heat 1s measured: by HEAT QUANTITY . 
Heat quantity Is different from heat Intensity, because It takes Into consideration not only 
the temperature of the substance being measured but the weight of the substance. The BRITISH 
THERMAL UNIT (Btu) Is the unit of heat quantity. It Is defined as the amount of heat required 
to raise the temperature of 1 pound (lb) of water 1 degree Fahrenheit at sea level. 
Conversely, It Is also the amount of heat that must be extracted to lower by 1 degree 
Fahrenheit the temperature of 1 lb of water. One Btu of heat quantity Is a relatively small 
amount of heat. One kitchen match will produce about one Btu of heat. To compute Btu's, 
remember that one Btu 1s equal to a substance's weight 1n pounds multiplied by the temperature 
difference. 

Example: If you were to calculate the amount of heat necessary to increase one 
quart of water (approx. 2.1 pounds) from 60°F to 75°F, your first step 
would be to determine the temperature difference which 1s 15° (75° 
minus 60°) • Then, using the following formula you would compute the 
required Btu's: 

HEAT QUANTITY - BTU 

Btu ■ Weight (1n pounds) x Temperature difference 
Btu « 2.1 lbs x 15° 
Btu ■ 31.5 



Example: \f you were to calculate the amount of heat removed when 50 lbs of water 
Is cooled from 90°F to 40PF the formula would be the same. 

Btu ■ 50 lbs x 500 

Btu • 2500 

You have now covered the measurement of heat, heat Intensity, and heat quantity . It 
should be noted at this time that the first law oFthermodyn amies, that section of science 
which deals with the mechanical action of heat, states that energy can neither be created nor 
destroyed; 1t can only be converted fr<w one form to another. 
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So far you have considered the most obvious effects of heat energy on a substance. 
You have learned that heat energy, when added to most substances, causes them to become larger 
with an Increase In heat Intensity and heat quantity. 

Now, consider another very Important effect that heat energy has on a substance: When 
heat energy Is added to a substance, the effect can be a CHANGE OF STATE . The term change of 
state Is simply a technical term which means that there Is a physical change In the 
materials. You are already familiar with these changes of state by using every day language: 

Melting a solid to a liquid - Heat Is added 

Boiling a liquid to a vapor - Heat Is added 

Condensing a vapor to a liquid - Heat Is removed 

Freezing a liquid to a solid - Heat Is removed 

HEAT ENERGY MUST BE ADDED TO A SUBSTANCE TO CHANGE ITS STATE FROM A SOLID TO A 
LIQUID OR FROM A LIQUID TO A VAPOR. 

™S^ a H r ^^tl s • 1* ? han 9 es fr ™ w«ter (liquid) to steam (vapor). This change Is called a 
CHANGE OF STATE. If heat must be added to cause a substance to melt or boll, what similar 
statement couia you make about changes of state from a vapor to a liquid or from a liquid to a 
solid? Let's see: 

• Heat energy must be added to a substance to change Its state from a solid to a 
liquid or from a liquid to a vapor. 

Example: Melting Ice to water 

Boiling water to steam 

• Heat energy must be taken away from a substance to change Its state from a 
vapor to a liquid or from a liquid to a solid. 

Example: Condensing steam to water 

Freezing water to Ice 

Note: THE TEMPERATURE OF A SUBSTANCE DOES NOT CHANGE WHEN A CHANGE OF STATE IS 
TAKING PLACE. 

If you combine this temperature rule with the heat rule you just learned, you can say 
that heat energy must be added to a substance to cause It to change from a solid to a liquid 
or from a liquid to a vapor, but the temperature does not change while the change of state Is 
taking place. Or you could say: Heat energy must be taken away from a substance to cause It 
to change Its state from a vapor to a liquid or from a liquid to a solid but the temperature 
dees not change while the change of state Is taking place. 

Using water as an example, refer to figure 1-3 to see what happens to the temperature 
of water as heat Is added at a uniform rate. Figure 1-4 shows what will happen If you were to 
remove heat at a uniform rate. You should also note that at the freezing point or at the 
boiling point temperature changes will not occur. 




Fig 1-3. Adding heat at a uniform rate. 
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F1g 1*4. Removing heat at a uniform rate. 



When heat 1s added to a substance and the temperature goes up, you know that a change 
of state has not taken place. The heat added can be "sensed." That 1s. you can SEE the 
temperature change on a thermometer, thus that heat 1s called SENSIBLE HEAT . UhenTeat 1s 
added to a substance and the temperature st*ys the same, you know that a change of state has 
taken place. Heat added under this condition cannot be "sensed" with a thermometer, and since 
1t cannot be sensed. 1t 1s called HIDDEN HEAT or LATENT HEAT. Remember, heat added to a 
substance thit causes a rise 1n temperature is cane d SENSIBLE HEAT , and heat added to a 
substance that causes a change of state 1s called LATENT HEAT . IRe term sensible heat and 
latent heat refer to the effect heat has on a substance. Do not think that there are two 
kinds of heat energy. Heat 1s the same kind of energy whether 1t causes a temperature rise or 
a change of state. Figure 1*5 will show you sensible heat and latent heat. 




F1g 1*5. Sensible and latent heats. 



Do you remember the definition of a Btu? One Btu 1s the amount of heat required to 
raise the temperature of one lb of water 1 degree Fahrenheit. 

Just as a definite amount of heat 1s needed to raise the temperature of one lb of 
water one degree Fahrenheit, a definite amount of heat 1s needed to change the state of one lb 
of 1ce to water. To be exact. 1t takes 144Btu's to change one lb of 1ce at 32° F. to water 
at 32°F. Since a change of state occurs when the 1ce 1s melting, these 144 Btu's represent 
LATENT HEAT . Likewise. 144 Btu's must be removed from one lb of water at 32° F. to freeze 
the water to 1ce 32° F. Another word that could Imply freezing 1s FUSION . You would say. 
then, that the LATENT HEAT OF FUSION of water 1s 144 Btu's per pounHI 
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Remember* latent heat of fusion 1s the heat necessary to change 1 lb of a solid to a 
liquid without a change In temperature at standard atmospheric pressure. An equal amount of 
heat must be removed to change the liquid to a solid. For example, 1n changing 1 lb of water 
from a solid to a liquid (Ice to water) or from a liquid to a solid (water to Ice), you will 
add or extract 144 Btu's of heat. This quantity of heat Is called latent heat of fusion. In 
figure 1-6, the pound of Ice at 32° F begins to melt as shown by the horizontal line 
representing "Ice melting. - During the melting process the temperature of the Ice and water 
do not change, but the heat content changes from 16 Btu's to 160 Btu's. The 144 Btu's 
difference Is the latent heat of fusion. 

Conversely, a definite amount of heat Is necussary to change 1 lb of water at 212° F 
to steam at 212° F The heat necessary to change 1 lb of a liquid to a vapor without a 
change In temperature at standard atmospheric pressure Is called LATENT HEAT OF VAPORIZA TION. 
An equal amount of heat must be removed to change the vapor to a liquid. When this heal Is 
absorbed from a vapor 1t 1s called LATENT HEAT OF CONDENSATION . Each material has Its own 
value of latent heat of vaporization. a rew examples are: 

MATERIAL LATENT HEAT OF VAPORIZATION 

Water 970 Btu/lb at 212°F. 

Refrigerant 12 68.5 Btu/lb at 5°F 

Refrigerant 22 93.2 Btu/lb at 5°F 




• mm no ** 



■TU PER. POUND OF WATER 



Fig 1-6. Effects of various types of heat. 



oiooc .J" f1 ? ure J-6» j *fhen water attains a temperature, at standard atmospheric pressure, of 
ziz^F, it begins to boll. The water temperature remains at 212<>F. until 970 Btu's of heat 
5£! e .5? en i5 d 2 e ?i? nd S he J! ou !!^ of w ? ter bo11s awa * as Illustrated by one horizontal segment of 
LATENT HEAT OF VAPORIZATION? hMt ***** t0 Chan96 th6 Water t0 Steam iS Called the 

Remember, any change of a substance such as from Ice to water to steam Is referred to 
as a change of state and a change of state Is always accomplished by a GAIN or LOSS of latent 
neat. — 
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Many substances can change their state from a solid to a liquid and from a 11ou1d to a 
gas (vapor). Heat brings about these changes. Molecules of a substance are 1nVInI*I«t 
motion or vibration. Heat 1s molecular enSVgy which resulSs fro! tS StlS of these 
molecules The structure of the molecules dictates to a degree " J «SSl!r IctRSy that 
occurs within a substance. For this reason, substances may exist 1n three phvslcal ,Ss or 
forms. These physical states are SOLIDS . LIQUIDS , and GASES. P * ° r 

• SOLIDS: any physical substance which keeps Its shape even when not 

contained. The molecules of the substance are strongly attracted to 
each other. Considerable force 1s necessary to separate them. 

• LIQJJIDS: any physical substance which freely takes the shape of Its 

container, yet, Its molecules are strongly attracted to one another. 

• GASES: any physical substance which must be enclosed 1n a sealed container to 

prevent Its escape into the atmosphere. 

c„hct»„rI h I!!!cc!!cV S add ?? J t 2 a ,? ub ;i» n ". the rate cf molecular motion Increases, and the 
substance passes from solid to liquid to gas form. For example, 1n a cube of 1ce the 

si •£ nv s. ; • 1 ?\i Mt as ? eat ; s added the ■»!•«!" «tiJi\; csj" £ ch.ngmg 

the Ice to " liquid. Further application of heat forces the molecules to separate further 

!! C !; e . aS !TX eir !°* J? t0 SUCh an extent tnat water changesinio steam'" gas! «£ 
bodies! substan «. " can best be considered In relation to Its effect on Substances or 

law state"! 85 hMwM^ 

ISSvEClloN. IS^rJK^N. 15 » "no of three basic methods; m ^tSmmti . 

Me will take a close look at each of the three methods separately. In oractlce 

o^e Ku^tt^^.W'T! 1nV ° 1Ve ?" thre ? meth0dS - *u "tf-flno JS? o'wledge 
of these basic methods a big help when servicing refrigeration equipment. 

As stated earlier, heat flows from bodies of higher temperatures to bodies of iow»r 
temperatures (hot to cold j 1n the same manner that water flows down a Sill; and 1 Ike wlSSr it 

* ^3 »P ■■■m to a higher level so that It may repeat Its flow downward. Whin tlo 
fS?"*!! efferent temperatures are brought 1n contact with each other, heat will 
l75foIf te ] y 4 fl ? W fr0m * the wanner substan « to the colder substance. The greater the 
difference 1n temperature between the substances, the faster the heat flow. As the 
temperature of both substances tends to equalize, the flow of the heat will slow and stop 

£f?wltion en tH! 25 B !S t !* M are equalized. This characteristic of heat 1s utilized 1n 
refrigeration. The heat of the air and substances 1n a refrigeration space, or heat 1n food 

£ SiiKE^JLT^VS the r *™**™*' the colder substance'. The three methods 
??.JJJ C heat ra ? y be transferred from a warmer substance to a colder substance are. as was 
stated previously: CONDUCTION . CONVECTION , and RADIATION . * 

• CONDUCTION: This 1s the process of transferring heat from one part of a body 

to another part of the same body or between bodies that are 
touching, or 1n good contact with each other. Heat flowing along 
an iron bar, one end of which 1s held 1n a fire see figure 1-7, 
is a simple example of this process. Movement of heat continues 
until there 1s a temperature balance throughout the length of the 
bar. Conduction occurs when the conductor 1s 1n actual physical 
contact with the heat source and the point of delivery. Heat 
flows from the hot to the cold end of the bar by molecular 
activity. 
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Fig 1-7. Heat transfer by conduction. 



The speed of the heat transfer, by means of conduction, will vary with different 
materials, 1f the materials are of the same size. Also, the speed of heat transfer will vary 
according to the ability of the material to conduct heat flow. In the three physical states, 
sol Ids are better conductors of heat than liquids and liquids are better than gases or vapor, 
depending on the materials being compared. Examples of good conductors are: copper, steel, 
aluminum, and silver. Examples of other solids which are NOT flood conductors of heat and are 
referred to as Insulators are: glass, wood, or other comraonTu Tiding materials. 

Copper and aluminum are excellent conductors of heat. These materials are used 1n the 
evaporators, condensers, and refrigerant pipes (tubes) connecting the various components of a 
refrigeration system. 

The heat transfer that may be conducted through various materials 1s dependent upon: 



• The thickness of the material. 

• Its cross-sectional area. 

• The temperature difference between the two sides of the material. 

• The heat conductivity of the material. 

• The time duration of the heat flow. 



In a refrigeration system, 1t 1s desirable that rapid heat transfer occurs 1n both the 
evaporator and condenser; therefore, the materials that are used met have a high conductivity 
rating. As you will see later 1n this course, the evaporator 1s where heat 1s removed from a 
conditioned space or body and the condenser dissipates this heat to another medium or space. 



• RADIATION: The second method of heat transfer 1s called radiation. This 1s 



the transfer of heat by heat rays. The sun's rays heat the earth 
by means of radiant heat waves, which travel 1n a straight path 
without heating the Intervening matter or air. It should be 
understood that they heat ONLY the surface which they strike, see 
figure 1-8. 
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When you stand In front of a fire, you feel Its warmth. Have you ever wondered how, 
or even why the heat of the fires reaches you? It does not do so by conduction because you 
are not In contact with the fire. It cannot do so by convection because, as you will see 
ater, the heated air above the f 1re rises and the colder air from the sides move In to take 
its place. In other words, the convection currents flew from you to the fire, not from the 
fire to you. What Is left? The answer 1s RADIATION , 

. *i ^ £? d1es containing heat, no matter how small an amount, radiate some of that 
heating In all directions In exactly the same w*y as a lighted lamp radiates light. As a 
matter of fact, these heat r^ys are of exactly the same nature as light rays except that their 
wave length 1s somewhat longer. Radio waves, heat rays, and light rays are all 
electromaanetlc waves or radiation; the primary difference among them Is only the length of 
the r Individual waves. When a radio wave strikes a good conductor of electricity, such as 
metal, the waves are absorbed and the energy they contain Is converted Into electrical energy, 
so that an electric current flows through the conductor. It Is this current which Is 
amplified and heard In radio and TV receivers. 

When heat or light radiation strike any body which absorbs them, their energy is 
converted Into SENSIBLE HEAT, If these radiation strike something which Is transparent to 
them, they slmpiy pass through with no effect. If you were to hold a sheet of glass In front 
of a fire, the glass would not warm up appreciably because both the light and the radiant heat 
pass through. However, If you were to hold a sheet of metal In front of the fire, the metal 
would rapidly heat up, because the heat and light r*ys are absorbed and converted into 
sensible heat. It should be pointed out that the heat rays, which have the longer wave 
length, contain most of the energy and, therefore, are mainly responsible for heating. 

At low temperatures, there Is only a small amount of radiation, and only minor 
temperature difference are noticed; therefore, radiation has very little effect 1n the actual 
process of refrigeration Itself. However, results of radiation from heat rays can cause an 
Increased refrigeration load. Heat transfer by radiation Is a big factor when choosing air 
conditioning equipment. * 
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, CONVECTION ; The third and final means of heat transfer 1s by conveying or 

motion of the heated material Itself and 1s limited to liquids or 
gas. This 1s called CONVECTION . A common example of this 1s the 
movement of heat laden air from a furnace Into the rooms of a 
building where 1t releases Its heat and then returns through the 
cold air duct to receive another supply of heat from the furnace, 
see figure 1-9. 




F1g 1-9. Heat transfer by convection. 



Heat transfer by convection 1s such an Important factor to refrigeration technicians 
that we must take a closer look at 1t. 

Hany refrigerators are constructed with "condenser 14 tubes at the rear of the cabinet, 
see figure 1-10. The condenser must give off heat to the room 1n order for the refrigerator 
to operate properly. A1r close to the condenser gets warm by conduction and radiation 9 which 
were both covered earlier 1n this study unit. The warm air will rise, and the cooler air will 
take Its place. The result 1s a continuous flow of air up the back of the refrigerator. This 
air movement transfers heat from the condenser to the room by convection. 



Worm dr 




Condenser 
Cool air 

F1g 1-10. Refrigerator using convection. 



i-u 25 



So far we have described heat transfer by convection 1n which the air moves because 
warm air i.aturally rises and cool air takes Its place. Can you describe the heat transfer 
process that takes place when a pan of water 1s heated on the surface unit of an electric 
range? Your answer should be something like this; "HEAT FR OM THE SHOT SURFACE unit is 
CONDUCTED THR0U3H THE BOTTOM OF THE PAN TO THE LAYER OF WATER NFKT Tn the mt^m u M . 

«!„!IJS c i or " 1nP1n 9 tne «wr wmie It is being heated? . . . "STIRRING THE WATER helps the 
T ^L F ! R !° F ;"' AT P" 0 " 1 "" THE PAN OF WATER." In other word, you "ffi b tn fcZlzuln 
Stn ri2 u fe?nf la S e raster t I! an U " ould have t4ken °y Itself. HeaTTs transferred by 
FORCED CONVECTION when some external force causes the air, water, or other fluids to mofe. If 
cne movement of the air or water 1s not forced, then heat 1s transferred by NATURAL CONVECTION . 

k °" the , refr 1gerator 1n figure 1-10, heat was transferred from the condenser to the 
Sf?iSp£S?!hw' Ct ! a ! a The , condenser ° n some refrigerators are located under the 

£ «?£h?Shw c.I a « pullS , a r fr ? ra the roora over the "ndenser and blows the warm air 
convecllSn cab1net,see f1 9 ure »-»• I" this case, heat 1s transferred by forced 



Condenser 




Cool olr 



Warm olr 



F1g 1-11. Refrigerator using forced convection. 
EXERCISE: Answer^the f{j]J°jj2jJ y *jJ s t1ons and check your responses against those listed at 

1. Name the two ways in which heat 1s measured. 

a. 

b. 

2. Name the two ways In which heat Intensity 1s measured, 
a. 

b. 

3. Define the British Thermal Unit (Btu). 



4. Calculate the amount of heat, 1n Btu's, necessary to Increase one gallon of water 
(8.4 pounds) from 65° F to 85° F. ' 



5. Convert a room temperature of 20° C to Its equivalent on the Fahrenheit scale. 
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Ftp 1-12. Worts of prooooro. 
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by 0Mts I !r t ?1qIlds! 8tr ' t1On f1 * 1d ' *" * dM,1nfl mtt} * " 1th P rtMurM that art exerted 

J E ! , r yth1n9 on or J n , tht tarth « u W«ct to prtssurts of various sorts. Tht tarth Is 
SSmS^uSLS S^L'L^ M J Ud I? •* mo »P h ? rt - Th |? « 1r "ttnds 50 or mora milts upward 
l?*J?JtJZl l ? f *£ Mr ! h :» Ey ! n thouflh ,1r U . vtr * 1l « ht « th « of «bove us must 
"tBsphKiC wessure! '* 9 pressure that Is txtrttd by this air Is calltd 

* t j 1 * 5" been determined that a column of air, with a cross-stctlonal arta of ont squart 
inch and extending from tht earth's surfact at sta ltvtl to tht limits of tht atmosphere. 
tSi4.?!£.aSS x SS!S% , *- 7 1 P ound «- This atmosphtrlc prtssurt was first determined by an 
Italian physicist namad Torlctlll many ytars ago. Ht constructed a vary slmplt barometer 

I: 13 : w s1n 9.! l0ng fllm tuDt about 36 ' ncnM 1n 1«ngth and clostd at ont tnd. Ht 
flTltd tht tubt wTth mtrcury and Invar tad it In a bowl of mercury, holding ont of his fingers 
at tht optn and of tht tubt to prtvtnt tht mtrcury from spilling out while It was Inverted. 

havt «xP«cttd. Instead, the ltvtl dropptd only slightly, as shown In flgurt 1-13. whtn ht 

!Hi! u r!f i ht h, l?? t k 8f th f ??1 UIW of "• rcur >. found It to bt 29.92 Inchts. Ht rtasontd 
tntt tht forct which was holding tht mtrcury up was tht Might of tht air prat sing down on tht 

^221^^2 I"!!, 00 '"- this that tht wtloht of tht Sir pressing down on 

tht mtrcury In tht bowl was txactly tqual to tht weight of a column of marcury approximately 
30 Inchts long. It was than tasy tnough to dtttrmlnt that a column of marcury. having a 
cross-stctlonal arta of ont squart Inch and a height of 30 Inches, weighed 14.7 lbs. You 
Know, therefore, ttat the air above you txtrts a prtssurt 14.7 pounds per square Inch (psl). 
This device Is still used for precise measurements of elr pressure since elr pressure Is 
seldom txactly 14.7 pounds par squart Inch, but varies slightly, depending upon temperature, 
altitude and water vapor content In the air. When this device Is used to determine weether 
!il°?!. 1t U c,1Ud . • yy* nER - If 1t 1s u »« d 1B th « laboratory. 1n a modified form, for 
k! P pM$ure u *« called e NANOMETER. Both devices Indicate 

prtssurt by tht height of the mercury column, and they are dTrecTTTcallbrated to reed In 
Inchts of mtrcury, rathtr than In pounds per squsre Inch. It Is a simple matter to convert 
Inches of mercury Into pounds per square Inch If It becomes necessery. 

m* ^ m A ■* n0 " ettr 1$ ont tW* of d «v1ce utilized In the refrigeration and air conditioning 
field for tht measurement of pressure. This type of pressure gege utilizes e liquid usually 
mercury, weter, or gage oil , as a Indicator of the amount of pressure Involved. 




NOftNAL ATMOtMCftW 
MfUUMf - 



Fig 1-13. Simple barometer. 



A space thet Is void, or lacking any pressure. Is described as a PERFECT VACU UM. If 
the space has pressure less then atmospheric pressure. It Is defined as a partial vacuum, it 
Is customary to express this vacuum In INCHES OF MERCURY and not as negative pressure. In 
some Instances, It Is also referrtd to as a given amount of absolute pressure, expressed In 
POUNDS PER SQU ARE INCH ABSOLUTE . This will be covered later In this work unit. When air Is 
exhausted from a sea lea container, pressure within the container Is reduced below atmospheric 
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pressure and a partial vacuum 1s formed. Any pressure below atmospheric pressure 1s Indicated 
1n inches on the vacuum gage. Every 2 Inches of vacuum 1s equal to approximately 1 ps1g below 
atmospheric. From this it can be noted that 30 Inches of vacuum equals 0 ps1a and at 14.7 
ps1a pressure the gage pressure 1s 0 ps1g. 

Gages are used to measure pressure* The pressure gages most commonly used by 
refrigeration technicians to determine what 1s going on within the refrigeration system are 
Bourdon tubes* Figure 1-14 1s an Internal view of the bourdon tube pressure gage. The 
essential element of this gage 1s the Bourdon tube Itself. The oval metal tube 1s curved 
along Its length and forms an almost complete circle* One end of the tube 1s closed, and the 
other end 1s connected to the equipment or component being tested. 




F1g 1-14. Internal construction of a pressure gage. 

Note : The following 1s an explanation of the Internal components of the Bourdon tube 

pressure gage: (The dotted line Indicates how the pressure 1n the Bourdon 

tube causes 1t to straighten and operate the gage.) 

A - Adapter fitting, usually an 1/8 H pipe thread 

B - Bourdon tube 

C - Link 

D - Gear sector 

E - Pointer shaft gear 

F - Calibrating spring 

G - Restrlcter 

H - Case 

J - Cross-section of the Bourdon tube 



Ordinary pressure gages are calibrated with zero representing atmospheric pressure 
(14.7 ps1). In other words, 1f the gage 1s not connected to anything and 1s open to the air, 
1t will read zero, even though 1t 1s actually reading pressure. In the case of the Bourdon 
tube, any additional pressure applied, when the gauge 1s connected to a component, will tend 
to straighten out the bourdon tube, thereby moving the needle and Us mechanical linkage, 
thus, Indicating the amount of pressure being applied. 

There are two typical pressure gages used 1n refrigeration work. One 1s a PRESSURE 
GASE which Indicates the amount of pressure above that of the atmosphere see figure 1-15, and 
TBTother 1s a COMPOUND PRESSURE GAGE see figure 1-16, which has, as the name Implies, a dual 
function: that or registering a pressure above atmospheric pressure and that of registering 
pressures that are below the atmospheric pressure. 
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Fig 1-15* Single function gage. 



Pressures below atmospheric pressure are customarily expressed 1n Inches of mercury 
(Hg). This 1s shown on the compound gage, see figure 1-16, from 0 down to 30* 




F1g 1-16. Compound gage* 



In your work as a refrigeration technician, 1f it becomes necessary, to make a 
distinction or to be more exact, use the term "gage pressure" and "absolute pressure" 1f you 
are starting from absolute zero. To convert gage pressure to absolute pressure, simply add 



Remamber, absolute pressure is measured from absolute zero pressure rather than normal 
or atmospheric pressure. It 1s equal to the atmospheric pressure (14.7 ps1) A00E0 to the gage 
pressure. 3age pressure (ps1g) 1s used on most gage scales and 1s measured from above 
atmospheric pressure. It 1s equal to absolute pressure LESS 14.7 ps1. 

Figure 1-17 will show you a definite relationship among atmospheric, absolute, and 

?age pressure. For many problems atmospheric pressure does not need to be considered; 
herefore, the customary pressure gage Is calibrated and graduated to read zero under normal 
atmospheric conditions. Yet, when gages are contained within an enclosure away from the 
atmosphere, such as 1n a refrigeration unit, 1t 1s necessary to take atmospheric pressure Into 
consideration, and mathematical calculations must be 1n terms of the absolute pressure 
Involved. 
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F1g 1-17. Relationship between 
absolute, atmospheric, 
and gage pressure. 

In the study of refrigeration, 1t 1s Important to understand some of the ways 1n which 
pressure effects liquids and gases, and some of the relationships between pressure, 
temperature, and volume 1n gases. 

The pressure-temperature-volume relationships of gases are expressed by three laws: 

• BOYLE'S LAW : It states that the volume of any gas varies Inversely (opposite) 
with Its pressure, provided the temperature remains constant. This means that the product of 
the pressure times the volume remains constant, or that 1f the pressure of a gas doubles, the 
new volume will be one half of the original volume. Or 1t may be considered that, 1f ths 
volume 1s doubled, the absolute pressure will be reduced to one half of what 1t was 
originally. This law may be expressed as an equation 1n the following manner: 

V] p r v 2 P 2 

In this equation Vi 1s the original volume of the gas, P) 1s Its original pressure, V 2 
Its new volume and P? Its new pressure. It must be remembered that Pi and P? have to be 
expressed 1n the ABSOLUTE PRESSURE terms for the equation to be used correctly. Figure 1-18 
can be used to Illustrate this: 



1*0 lb pttqku 



Ic» ft. 



601b. ptr •* I* 



3iuH 



30 lb. n*"** lw * 



6cuft. 



F1g 1-18. Effects of pressure on volume. 
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If 3 ft 3 of a gas 1s placed 1n a cylinder, and a piston exerting 60 psig 1s Inserted 
1n the open end, and 1f the piston 1s pushed down Into the cylinder and compresses the gas 
Into 1 ft 3 ., the pressure exerted would have to be 180 psig; 1f the piston were withdrawn so 
that there were 6 ft? of gas, the pressure would be reduced to 30 psig. 

Example: If the gage pressure on 2 ft3 of gas 1s increased from 20 psig to 50 

psig while the temperature of the vapor remains constant, what will be the 
new volume? 

Pi ■ 20 psig + 14.7 (atmospheric pressure) ■ 34.7 ps1a 
?2 " 50 psig + 14.7 (atmospheric pressure) - 64.7 ps1a 
V] - 2 f t3 
V2 ■ ? 

using the formula V] x P] - V2 x P2, you would transpose the formula Into the 
following: 

V2 ■ (Pi x V]) divided by P2 
V 2 - (34.7 x 2) divided by 64.7 
V 2 - 1.072 ft 3 

Example: If additional pressure 1s applied to a volume of 2 ft 3 of gas at 20 psig 
so that the volume 1s lessened to 1.072 ft 3 , and the temperature of the 
gas remains constant, what 1s the new pressure 1n psig? 

P] ■ 34.7 ps1a (20 psig + 14.7 atmospheric pressure) 

V] - 2 ft 3 

V 2 - 1.072 ft 3 

P2 ■ 7 

using the formula V] x P] - V 2 x P2, you would transpose the formula into the 
following: 

P2 - (Pi x V]) divided by V 2 
You would insert all the given values as follows: 

P2 ■ (34.7 x 2) divided by 1.072; therefore P2 will equal 64.7 ps1a 
Now you would subtract atmospheric pressure from P2 as follows: 

P2 ■ 64.7 - 14.7, therefore the answer would be 50 psig for P2. 

Again, 1t must be remembered that P] and P? have to be expressed 1n the ABSOLUTE 
PRESSURE TERMS for the equation to be used correct Ty. 

• CHARLEYS LAW: It states that the volume of a gas 1s 1n direct proportion to 
Its absolute temperature, providing the pressure 1s kept constant and the absolute pressure of 
a gas 1s 1n direct proportion to its absolute temperature, providing the volume 1s kept 
constant. The equations for this law are as follows: 

V] divided bv V 2 - T] divided by T 2 and 

Pi divided by P 2 - T] divided by T 2 
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Most gases will expand In volume at practically the same rate with an Increase In 
temperature, providing the pressure does not change. If the gas Is confined so that Its 
volume will remain the same, the pressure In the container will Increase at about the same 
rate as an Increase In temperature. 

Charle's law formulas can be transposed Into the following equations: 
V] T 2 ■ V 2 T] and P] T 2 ■ P 2 T l 

Example: If the temperature of 2 cu ft of gas was Increased from 40° F. to 120° 
F., what would be the new volume, If there was no change In pressure? 

V2 " (Vi T 2 ) divided by T] 

V 2 ■ 2 x (120 + 460) divided by (40 + 460) 

V 2 ■ 1,160 divided by 500 

V 2 ■ 2.32 ft3 

Example: If a container holds 2 ft 3 of gas at 20 pslg, what will be the new 

pressure In pslg, If the temperature Is Increased from 40° F. to 120° 
F.T 

P 2 ■ (Pi T 2 ) divided by T] 

P 2 ■ (20 pslg + 14.7) x (120 + 460) divided by (40 + 460) 
P 2 ■ 40.25 psla 

P 2 ■ 40.25 psla - 14.7 atmospheric pressure* 
P 2 ■ 25.55 pslg 

In numerous cases dealing with refrigerant vapor, none of the three possible variables 
yli 1 ^ 2rS2 n ^2 nt • and a combination of these two laws must be utilized, namely the GENERAL 
LAW OF PERFECT GAS. This third law Is written as an equation as follows: 

(Pi V]) divided by T] ■ (P 2 V 2 ) divided by T 2 or 

Pi V] T 2 - P 2 V 2 T] 

Note: IT MUST BE REMEMBERED THAT THE UNITS OF P AND T ARE ALWAYS USED IN THE 
ABSOLUTE. 

Example: If a volume of 4 ft 3 of a gas at a temperature of 70° F and at 

atmospheric pressure Is compressed to one-half Its original volume and 
Increased In temperature to 120<> F, what will be Its new pressure? 

P 2 ■ (P] V] T 2 ) divided by (V 2 T]) 

P 2 - (14.7 x 4) (120 + 460) divided by 2 x (70 + 460) 

P 2 - 34,104 divided by 1,060 

P 2 ■ 32.17 psla 

P 2 « 32.17 psla - 14.7 atmospheric pressure 
P 2 ■ 17.47 pslg 

a u iw nothe ? re]** 1 ?^]? that must be examined Is the basic relationship between pressure 
™f!l! U2 KH^ f0 UJ 1q I!! d$ :, P 18 b ? 1l1ng tem P er * ture of any liquid varies according to the 
pressure on the liquid: the higher the pressure, the higher the boiling point. It Is well to 
remember that condensing a gas to a liquid is just the reverse process of boiling a liquid 
until it vaporizes, and that the same pressure and temperature relationship Is required to 
produce either change of state. H 
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Water bolls at 80°F under a vacuum of 29 Inches of mercury; at 212°F at 
atmospheric pressure (14.7 ps1), and at 489© at a pressure of 600 ps1g. Refrigerants have 
much lower boiling points than water, under any given pressure, but these boiling points al«o 
vary according to pressure. Refrigerant R-12, for example, bolls at -21. 7°F at atmospheric 
pressure, at 0°F at g.17 ps1g; at F0°F at 46.9 ps1g; and at 100°F at 116.9 ps1g. From 
these figures, you can see that R-12 cannot exist as a liquid at ordinary temperatures unless 
It 1s confined and put under pressure. 

If the temperature of a liquid 1s raised to the boiling point corresponding to Its 
pressure, and 1f the application of heat 1s continued, the liquid will begin to boll and 
vaporize. The vapor, which 1s formed, remains at the same temperature as the boiling liquid, 
as long as 1t Is In contact with the liquid. The vapor cannot be superheated as long as It 1s 
1n contact with liquid from which 1t 1s being generated. 

* 7* ere I s a bas1c relationship between the pressure and boiling point for each liquid. 
The refrigeration technician must throughly understand this relationship because 1t 1s by far 
his most useful tool 1n troubleshooting a refrigeration or air conditioning system. Taking a 
pressure reading with a suitable gage connected to the part of the system a technician 1s 
investigating can often tell him not only whether the system 1s functioning properly, but what 
1s wrong with 1t. ¥ ¥ 

The equations that were given earlier Indicate the nature of the relationship between 
the pressure, the volume, and the temperature of any gas. You will probably not find 1t 
necessary to use the equations themselves, but you should have a thorough understanding of the 
principles which they express. To summarize them: * 

• When the temperature 1s held constant, Increasing the pressure on a gas will 
cause a proportional decrease 1n volume; decreasing the pressure causes a proportional 
Increase 1n volume. 

_ • W hen the oressure 1s held constant, Increasing the temperature of a gas causes 
a proportional Increase In volume; decreasing the temperature causes a proportional decrease 
1n volume. 

when *? e volume 1s held constant, Increasing the temperature of a gas causes a 
proportional Increase 1n pressure; decreasing the temperature causes a proportional decrease 
1n pressure. 

In this discussion of the effects of pressure on a gas, you have noted that the volume 
and temperature of the gas are different AFTER the pressure has been changed. It 1s also 
Important to note, however, that a temperature change normally occurs 1n a gas WHILE the 
pressure 1s being changed. Compressing the gas raises Its temperature. Allow1ng"Tgas to 
expand lowers Its temperature. As you will see, this 1s an Important fact 1n the 
refrigeration cycle. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What 1s the definition of pressure? 



2. Describe atmospheric pressure. 



3. What 1s the amount of pressure exerted by the atmosphere? 



4. Name the most common type pressure gage used 1n the refrigeration field. 



1-23 



34 



5. Name two types of pressure gages, 
a. 



b. 

6. State the three laws that effect the pressure-temperature- volume relationship, 
a. 

b. 

c. 

Work Unit 1-4. REFRIGERATION CYCLE 

STATE THE PURPOSE OF A REFRIGERATION CYCLE. 

STATE THE TWO DIFFERENT PRESSURES THAT EXIST IN THE CYCLE. 

NAME THE "WO DIVIDING POINTS OF THE PRESSURE AREAS IN THE REFRIGERATION CYCLE. 
DEFINE REFRIGERATION TON. 

Looking at figure 1-19, you will see a simplified refrigeration system. By applying 
the theory of latent heat and pressure difference, you can visualize what 1s taking place to 
produce a low temperature. 

The purpose of the refrigeration cycle 1s to remove unwanted heat from one place and 
discharge 1t Into another. To accomplish this, the refrigerant 1s pumped through a completely 
closed system. If the system were not closed. It would use refrigerant by dissipating 1t Into 
the air, however, because 1t 1s closed, the same refrigerant 1s used over again, each time 1t 
passes through the cycle 1t removes some heat and discharges 1t. 




Fig 1-19. Mechanical refrigeration system. 



A comparable situation would be a boat that 1s filled with water. You want to remove 
the water, so you use a pall. As you scoop out the unwanted water and transfer 1t to the 
outside of the boat, you are holding onto the pall and using 1t over and over again as you 
continue to ball, see figure 1-20. 
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F1g 1-20. Closed cycle. 



The closed cycle serves other purposes as well. It keeps the refrigerant from 
becoming contaminated and controls 1t flow, for 1t 1s a liquid 1n some parts of the cycle and 
a gas 1n other phases. 

Let's take a look at what happens 1n a simple refrigeration cycle, and at the major 
components which comprise 1t. We will enlarge upon the refrigeration cycle 1n the study units 
that follow. 

In the simple refrigeration system, figure 1-21, two different pressures exist 1n the 
cycle, the evaporating or low pressure 1n the "LOW SIDE" and the condensing or high pressure 
1n the "HIGH SIDE." These pressures areas are separated by two dividing points, one 1s the 
metering device where the refrigerant flow 1s controlled, and the other 1s the compressor 
where the vapor 1s compressed. 

At the metering device 1s where you start your trip through the cycle. This metering 
device may be an expansion valve, capillary tube, or other device that 1s used to control the 
refrigerant flow Into the evaporator or cooling coll, as a low pressure, low temperature 
refrigerant. The expanding refrigerant evaporates (changes state) as 1t travels through the 
cooling coll, where 1t removes the heat from the space 1n which the evaporator 1s located. 

Heat will travel from the wanner air to the colls cooled by the evaporation of the 
refrigerant within the system, causing the refrigerant to "boll" and evaporate, thus changing 
1t to a vapor. This 1s similar to the change of state that occurs when a pan of water 1s 
boiled on the stove and the water changes to steam, except that the refrigerant bolls at a 
much lower temperature. 

This low temperature, low pressure vapor 1s drawn to the compressor where 1t 1s 
compressed Into a high temperature, high pressure vapor. The compressor discharges 1t to the 
condenser, so that 1t can give up the heat that 1t picked up 1n the cooling coll or 
evaporator. The refrigerant vapor 1s at a higher temperature than 1s the air passing across 
the condenser (air-cooled type); therefore, heat 1s transferred from the warmer refrigerant 
vapor to the cooler air. 3 

In this process, as the heat 1s removed from the vapor, a change of state takes place 
and the vapor 1s condensed back Into a liquid at a high pressure and a high temperature. 

The liquid refrigerant now travels to the metering device where 1t passes through a 
small opening or orifice where a drop 1n pressure and temperature occurs, and then 1t enters 
Into the evaporator or cooling coll. As the refrigerant makes Its way Into the larger opening 
of the tubing or coll 1t vaporizes and 1t 1s ready to start another cycle through the system. 
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The refrigeration system requires some means of connecting the major components 
(evaporator, compressor, condenser, and metering device) justs as roads connect conmun1t1es. 
Tubing or "lines" make the system complete and prevent the refrigerant from leaking out Into 
the atmosphere. The suction line connects the evaporator or cooling coll to the compressor; 
the hot gas or discharge line connects the compressor to the condenser; and, the liquid line 
is the correcting tubing between the condenser and the metering device. Some systems will 
have receivers or storage tanks Immediately after the condenser and before the metering 
device, where the liquid refrigerant remains until 1t 1s needed for heat removal 1n the 
evaporator. 

There are many different kinds and variations of the refrigeration cycle components. 
For example, there are at least a half dozen different types of compressors, from the 
reciprocating piston through a centrifugal Impeller design, but the function 1s the same 1n 
all cases, that of compressing the heat laden vapor Into a high temperature vapor. 

The same can be said of the condenser and evaporator surfaces. They can be bare 
pipes, or they can be finned condensers and evaporators with electrically driven fans to make 
the air pass through them. 

There are a number of different types of metering devices used to meter the liquid 
refrigerant Into the evaporator, depending on the size of equipment, refrigerant used, and Its 
application. 

The mechanical refrigeration system described above 1s essentially the same whether 
the system 1s a domestic refrigerator, a low temperature freezer, or a comfort air 
conditioning system. Refrigerants may be different, and the size of equipment may vary 
greatly, but the principles of operation and refrigeration cycle remain the same. Thus, once 
you understand the simple action that 1s taking place within the mechanical cycle, you will 
have come a long way toward understanding how a refrigeration system works. 

Another system that will be touched on very briefly 1s the ABSORPTION SYSTEM; 
however, the main emphasis will be on the MECHANICAL SYSTEM . Although the Marine corps no 
longer maintains absorption systems, you should have some understanding of such a system. 

The absorption system differs from a mechanical system 1n that heat energy 1s used 
Instead of mechanical energy to make a change 1n the conditions necessary to complete a cycle 
of refrigeration. Gas, kerosene, or an electric heating element may be used to supply the 
required heat energy. 

u a £ r01 " f1 9ure 1-21, you can trace the elementary cycle of an absorption system. Heat 1s 
applied to the generator or absorber from which ammonia gas 1s liberated and driven Into the 
condenser, where the vapor 1s liquified by cooling. This liquid refrigerant 1s forced from 
the condenser to the receiver by the pressure of the vapor entering the condenser. When a 
sufficient amount of ammonia 1s driven Into the condenser and receiver, heating 1s 
discontinued and the absorber cools. When the temperature of the absorber 1s lowered, U 
begins to take back the ammonia gas. The apparatus Is so constructed that 1t can obtain this 
ammonia only from the cooling unit through the process of evaporation, thus lowering the 
temperature of the compartment that 1s to be cooled. As the ammonia evaporates from the 
cooling unit, 1t 1s replaced by liquid from the receiver. This operation will continue until 
the proper amount of ammonia 1s reabsorbed by the generator. Then, heat 1s again applied and 
a new charge of ammonia 1s stored 1n the receiver. 
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Fig 1-21. Absorption system. 



In both systems, ABSORPTION and MECHANICAL , the unit which measures the amount of heat 
removal and thereby Indicates the capacity of the refrigeration system Is known as the 
REFRIGERATION TON , It Is based on the cooling effect of 1 ton (2,000 lbs) of Ice at 32<>F 
melting in 24 hours* As you have seen, the latent heat of fusion of Ice (or water) Is 144 
Btu's. Therefore, the number of Btu's required to melt 1 ton of Ice Is 144 Btu's multiplied 
by 2,000 which equals 288,000 Btu's. The standard refrigeration ton Is defined as the 
transfer of 288,000 Stu's In 24 hours. On an hourly basis, the refrigeration ton Is 12,000 
Btu's i>er hour (288,000 Btu divided by 24 hours). It should be emphasized that the 
refrigeration ton 1s the standard unit of measure used to designate the heat removal capacity 
of a refrigeration unit, and It 1s not necessarily a measure of the amount of Ice the unit can 
make In a given length of time. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What Is the purpose of the refrigeration cycle? 



2. What are the two different pressures that exist In the refrigeration cycle? 

a. 

b. 
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3. Where are the two dividing points of the pressure areas In the refrigeration cycle 
a. 



b. 



4. Define refrigeration ton. 



5. The hot gas line connects the an( j 

6. The suction line connects the and 



SUMMARY REVIEW 



^«M-«!5* th1, _ St S (,y Un1t * you h4ve 'earned the theories of the five thermal laws of 
refrigeration, heat, pressure, the basic refrigeration cycle, and the reflation ton All 

SldSSlTh!? 1 y? rti "!a t0 m l u 4 r *™*' r '"°» technician. because thSy w!lf Selp you 
2. l£_X2 Jh?„i;! f _l 9e r* t1on , equ ] pn, S nt , 1s * ble t0 reraove *™ « given area. Some of 
the important things you learned and should remember are: ■ oume g T 

• Heat Is energy and 1t cannot be destroyed or be lost, but 1t can be 

ST 2? f ubstance t0 »" other 1" three ways: conduction, 
convection, and dlatlon. 

• The temperature or Intensity of heat can be measured. The scales that are 
usea are Fahrenheit ana Ceiiius Icentlgrade). It 1s possible to covert one 
scale to the other through the use of conversion formulas which should be 
teSSlclan ** y b6 1raport * nt t0 *° u 1n y° ur work «s » refrigeration 

• Heat 1s measured in Btu's. 

• Sensible and latent heat are the types of heat which effect the temperature 
and pnyslcal state of a substance. 

• Pressure 1s Important in that 1t affects the physical state of a substance in 
a pressure-temperature relationship. »«u»«inw in 

• ; r °»" re u ^facts the volume of a gas, 1n that the pressure varies inversely 
witn volume, if the pressure Increases, the volume decreases and 1f the 
pressure decreases, the volume will Increase; this happen only 1f the 
temperature remains constant. 

• Pressure 1s measured in pounds per square Inch (ps1) above atmospheric 
FessuFe and Inches of mercury (Hg) below atmospheric pressure. Atmospheric 
Pressure 4 t sea level 1s equal to 14.7 ps1a . 

• Two separate systems are used to lower temperature 1n refrigeration, the 
mechanical system and the absorption system . Eacn system has Its own cycle of 
operation and method of removing or transferring heat from a given area. 

• A .t°" ° f l r 5 fr1 a erat1on ?»" be equated to the melting of 1 ton of ice 1n a 24 
nour period, this equals to the removal or transfer of 288.000 8tu's. A 

b* 24 fl h )" 1 '' S eqUal *° 12,000 8tU ' S per h0Ur * ( 288 « 000 Btu's divided 
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Answers to Study Unit #1 Exercises 
Work Unit 1-1. 

1. From a high temperature to a lower temperature 

2. the pressure remains constant 

3. heat 

4. A high heat conductivity 

5. While changing from a liquid state to a vapor state 

6. a. Solid 

b. Liquid 

c. Gas or vapor 
Work Unit 1-2. 

1. a Meat Intensity 
b. Heat quantity 

2. a. Fahrenheit 
b. Celsius 

3. One Btu Is the amount of heat required to raise the temperature of one pound of 
water 1°F at sea level. 

4 168 Btu's 

5. 68°F 

6. 26.7°C 

7. Sensible heat 

8. Latent heat 

9. a Conduction 

b. Convection 

c. Radiation 

10. Convection 
Work Unit 1-3. 

1. Pressure 1s the amount of force exerted on a substance per unit area. 

2. Atmospheric pressure 1s the amount of force that 1s exerted by the air surrounding 
the earth. 

3. 14.7 ps1 

4. Bourdon tube 

5. a. Single function pressure gage 
b. Compound pressure gage 
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STUOY UNIT 2 



REFRIGERANTS ANO LUBRICANTS 



STUDY UNIT OBJECTIVES WITH AND WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY 
PRIMARY AND SECONDARY REFRIGERANTS, THE DIFFERENCES BETWEEN PRIMARY AND SECONDARY 
REFRIGERANTS. AND THE PROPERTIES OF REFRIGERANTS. YOU WILL IDENTIFY THE DIFFERENT 
MARKINGS OF COMPRESSED GAS CYLINDERS, THE TRANSFERRING AND MEASURING OF 
REFRIGERANTS, REFRIGERANT OILS, PROPERTIES OF REFRIGERANT OILS, VISCOSITY RATING 
OR REFRIGERANT OILS, AND THE SAFETY PRECAUTIONS FOR REFRIGERANTS. 



Refrlaeranti art the vital fluids 1n the mechanical refrigeration system. They absorb 
heat from a place whore 1t 1s not wanted and emit 1t elsewhere. The evaporation of the liquid 
refrigerant removes heat, which 1s released by the condensation of the heated vapor. Any 
substance that undergoes phase change from liquid to vapor and vice versa may function as the 
refrigerant 1n vapor compression type systems. However, only those substances that undergo 
these changes at commercially useful temperatures and pressure levels are of practical value. 

It can be said that there 1s no "universal" refrigerant. Since mechanical 
refrigeration 1s used over a wide range of temperature, some refrigerants are more suitable 
for high temperature refrigeration, such as comfort cooling, than, others that operate at 
lower temperature ranges, such as those used for commodity storage and freezing. There are 
still other applications requiring even lower temperatures. The choice of a refrigerant for a 
particular application frequently depends on properties not related to Its ability to remove 
heat. For example, Its toxicity, flamnablllty, density, viscosity, and availability. Thus, 
the selection of a refrigerant for a particular purpose may be a compromise among conflicting 
properties. 

Work Unit 2-1. REFRIGERANT REQUIREMENTS 



STATE THE PURPOSE OF A REFRIGERANT. 

LIST THREE FACTORS THAT AFFECT REFRIGERANTS. 

IN THE SELECTION AND USE OF REFRIGERANTS, LIST FOUR CHEMICAL PROPERTIES THAT MUST 
BE C0NSI0ERE0. 

IN TH\ SELECTION ANO USE OF REFRIGERANTS, LIST FIVE IMPORTANT PHYSICAL PROPERTIES 
THAT MUST BE CONSIDERED. 



In the process of cooling, you must have something that will effect a heat transfer. 
That 1s, something that will carry heat from one area or substance to another. To do this, 
you use fluids that exert a direct action on an area or substance, and that can easily change 
their state from a liquid to a gas and from a gas to a liquid. These fluids, called 
REFRI6ERANTS, are heat carriers. They absorb heat at low temperatures, and when compressed to 
a higher temperature, they release the absorbed heat to a cooling medium, thus affecting the 
heat transfer. 



Many different refrigerants have been used since the early days of refrigerations I 
Experimentation, research, and testing are still going on with various chemicals or compound/ 
and mixtures of chemicals. At one time or another, air, butane, choroform, ether, propane, 
water, and other organic and Inorganic compounds have been used. 

With the discovery of new chemicals and compounds, the practical advantages and 
disadvantages of each of the refrigerants 1n use were carefully appraised. Therefore, 
consideration 1s now given to the characteristics of various refrigerants , both from a 
chemical and a physical standpoint. The availability and cost of each refrigerant 1s also of 
great Importance. 

Refrigerants 1n common use today are fluids that are affected by HEAT . TEMPERATURE , 
and PRESSURE 1n a manner similar to water. Some of these refrigerants areEetter that others, 
hut the perfect refrigerant has yet to be discovered. As you know, an automatic mechanism, 
such as a refrigeration system .should be safe. Therefore, the refrigerants selected should 
be as close to perfect as possible, and still they should be able to accomplish their cooling 
job efficiently and effectively. Refrigerants should be NONPOISONOUS. NONFLAMMABLE . 
H0NEXPLQS1VE* and have a LOW BOILING POINT . They should also be NONCORROSIVE so that the more 
common metiTs may be usedTn the construction of component parts. A good refrigerant 1s 
STABLE and not easily decomposed or subject to chemical reaction with lubricants used 1n the 
system. It 1s also desirable to keep normal operating pressure as close as possible to 
atmospheric 
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pressures. Great differences 1n pressure would cause the system to over work. This would 
5S5!s! °" the eff1c1ency and 11fe «pectancy of the compressor and 

. ffT^^ that ! ach refrigerant reacts to the effect of TEMPERATURE and PRESSURE . Each 
has a critical temperature and pressure. The critical tempera ture of a ref rlgeranTTTthe 
maximum temperature at which 1t can be liquefied. The critical pressure of a refrigerant 1s 
the maximum pressure at which 1t can operate 1n a system without causing leaks and without 
f^?i2?e the co ?P res * or *° overwork. Therefore, the critical pressure must be well above a 
system s normal condensing pressure, and the critical temperature must be well above the 
n«cc^D?\ nonndl 5 0nde ?? 1n ? temperature. In either case, 1f they (CRITICAL TEMPERATUR E or 
PRESSURE; are only a little above normal pressure and temperature, It will cause overworking 
or the compressor ai d excessive power usage. wwwiung 

4 * In the selection and use of refrigerants the following characteristics must be taken 
into consideration: 

• CHEMICAL PROPERTIES: 

• Flammabmty 

• Exploslveness 

• Toxicity 

• Stability 

• PHYSICAL PROPERTIES: 

• Boiling point 

• Freezing point 

• Specific volume 

• Density 

• Critical pressure 

• Critical temperature 

• Latent heat content 

• 011 m1sc1bH1ty 

• Leak detection 

uou 1 1 ^S^rSEyl^K • ? hem J cal jnd Physical, will be examined more closely so that 
you will understand each of their characteristics. 

#h 4 • FLAMMABILITY and EXPLOSIVENESS : When a system 1s operating satisfactorily, 
there 1s no need to worry about Its refrigerant. However, should a fire, due to an outside 
source, occur 1n the vicinity of any refrigeration component, there 1s always the danger that 
the fire might spread, with a fire, there 1s also the possibility of an explosion If a 
refrigerant escapes from ruptured lines or tubes. H 

™**4kiJ f V e ? k occurs or Jf repairs must be made to some component, the flammabinty aVid 
P*" 1 * 1 * <*Plos1veness and tox1c1t y of the refrigerant must be taken Into consideration \Even 
though the system may be evacuated, all of the refrigerant contained 1n the receiver or 
condenser receiver, the brazing, soldering or welding that may be necessary 1n the repair or 
replacement of a component may present hazards, because enough vapor may remain 1n the 
component or connecting lines to cause danger from the heat or flame of the repair equipment}. 

(u ?on\ S l« e h^^ b0n r1 9« rant ?* f uch * s butane (R-600), ethane (R-170), and propane 
J5l ^J* hig 5 ly flOTnab , le * nd explosive, proper care must be taken when working with an 
P M lam S a fys^em using any of these refrigerants. The halocarbon refrigerants are 

considered to be nonflammable, but some become toxic when exposed to flames. Among these are 
trlchloromonofluoromethane (R-ll), dlchlorodlfluoromethane (R-12), and 
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monochlorodlfluoromethane (R-22). R-502, which Is an azeotrope refrigerant, Is a mixture of 
48.8% R-22 and 51. 2% R-115 (chloropentafluoroethane), and Is nonflammable. 

Since there are many "tongue-twisters" In the chemical names of refrigerants, 1t was a 
relief when a numbering system was developed. The numbering system, which Is more commonly 
used today Instead of the chemical names, 1s customarily preceded by the trade name of the 
manufacturer, but, In general practice, the number Is preceded by the term refrigerant or just 
the letter "R." 

This numbering system for refrigerants was developed by the DuPont Company, the first 
to market many of the new breeds of refrigerants. At the outset, the letter N F N (for freon, a 
registered DuPont trademark) preceded the numbers. Later, as there were other producers of 
halocarbon refrigerants, DuPont made Its numbering system available to the entire Industry. 
As was stated previously, refrigerants now are known by the letter N R N and number, such as 
R-12, R-22, etc. 

• TOXICITY : The Underwriters Laboratories has conducted extensive tests on 
guinea pigs to Illustrate the toxicity of all refrigerants; the guinea pigs quickly showed the 
effects of Inhaling toxic gases and vapors. It should be noted that humans were not used In 
these tests. 

Air Is the exception to the rule that all gaseous substances are, to some degree, 
toxic. Of course there are various degree of toxicity. Carbon dioxide Is Inhaled whenever 
people breathe, and It Is therefore harmless to humans up to a certain level 1n the 
surrounding atmosphere. However, an Individual exposed to an atmosphere containing about 8* 
to 10* carbon dioxide or more would soon become unconscious. 

The test made by the Underwriters Laboratories pertained to the type of chemicals or 
compound, the percent of the vapor being tested In the given atmosphere, and the duration of 
the time In which the subject was exposed to or had breathed the mixture. Underwriters 
Laboratories have devised a numbers classification that ranges from 1 to 6; the lowest number 
designates the most toxic and dangerous refrigerant, and the highest number designates the 
least toxic refrigerant. Figure 2-1 lists the classification of some refrigerants and the 
concentration and length of exposure that leads to serious Injury. 

GROUP LIMITATIONS REFRIGERANTS 

1 Concentration of gases or vapors Sulphur 
about 0.5-1* for about 5 mln Is Dioxide 
capable of producing serious injury. 

or death. 

2 Concentration of gases or vapors Ammonia 
about 0.5-1* for about 30 mln Is 

capable of producing serious Injury 
or death. 

3 Concentration of gases or vapors Chloroform 
about 3-2.5* for about 1 hr 1s 

capable of producing serious Injury 
or death. 

4 Concentration of gases or vapors Methyl Chloride 
about 2-2.5* for about 2 hrs 1s 

capable of producing serious Injury 
or death. 

5 Gases or vapors that are less toxic R-11, 22, 502, 
than Group 4 yet more toxic than Butane, Propane 
those 1n Group 6. 

6 Concentration of gases or vapors R-12, 114 
about 20* for periods of about 

2 hrs has apparently no injury. 

Fig 2-1. Classification^ of gases and vapors 
by Underwriters Laboratories. 
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. The National Refrigeration Safety Code (NRSC) divides refrigerants into three groups: 

group 1 1s the safest; group 2 1s somewhat flammable and toxic; and group 3 1s extremely 
HTZ*1''a Th e National Board of F1re Underwriters (NBFU) uses six classes; they are similar 
llJir* 5fll!! r ^ e n Lab0 «t°|: 1es ' however, class 1 1s the most toxic one and class 6 the least 
toxic. Refer to figure 2-2 for a comparison. 
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F1g 2-2. Group and toxicity classification. 



•CRITICAL PRESSURES and TEMPERATURES : As was stated previously, each refrigerant 
reacts to the effects of temperature and pressure. Every refrigerant, whether a single 
element or a mixture of elements (a compound), has among Its characteristics a pressure above 
which It will remain as a liquid, even though more heat 1s added. Each element or compound, 
has a temperature above which 1t cannot remain or exist 1n a liquid state, regardless of the 

K e «rM U e .?! rte J 1t \> ^ P o1nts ar V hc va P° r P ressure a "3 the temperature, 
respectively, of the refrigerant. Some of these are shown 1n figure 2-3. 



CRITICAL CRITICAL 
REFRIGERANT PRESSURE PSIA TEMPERATURE °F 

R-12 596.9 233.6 

R-22 721.9 204.6 

R-502 59] 179.9 

F1g 2-3. Critical pressures and temperatures of some refrigerants. 

The pressures and temperatures shown 1n figure 2-3 are well above the pressures that 
^H«V!! pe ^ e 2 t0 occur 1n £!) e cond ? n f er . and also above the temperatures that accompany 
^f! e ^ at h n9 P re * s T S ' The ! 6 ref ^9fants are chemically stable 1n the ranges specified. 
™^rtu« tendenc *i "Jder normal conditions, to react with any material used 1n the 

manufacture of the components 1n the refrigeration system, nor do they ordinarily break down 
chem ca ly. If the refrigerant In a systeS 1s unstable, t quickly becomes use ess si ncVS 
chemical reaction will Change the original characteristics o? propJrtle^f the refHgerlnt! 
Decomposition of the refrigerant wm add noncondensable gases, thus causing abnormal 
trouble"" temperatures "1th1n the system, and the resulting sludge may cause mechanical 

mp , * .MS^ PR0PER J IES j J* n*i been stated earlier that a refrigerant absorbs much 
r^nuif,,!"!" ? chan 9 es Its state fK» * liquid to a vapor, than when 1t absorbs the heat as 
a liquid or as a vapor. Therefore, the B OILING POINT of a refrigerant 1s of great Importance, 
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for 1t must readily evaporate below temperatures of the product or space which Is to be 
cooled. Refrigerants that do not have a relatively low boiling point require that the 
compressor be operated with a deep vacuum. 

The FREEZING POINT of a refrigerant 1s another Important property, particularly 1n 
extremely low temperature applications. This point should be sufficiently lower than any 
anticipated evaporator temperature 

The LATENT HEAT CONTENT of the selected refrigerant usually 1s high, which 1s a 
desirable characteristic for large capacity systems. With a high latent neat content, less 
refrigerant 1s circulated for each ton of refrigeration effect produced; therefore, a 
compressor of lower horsepower could be used. In systems of low capacity, the use of a 
refrigerant with a low latent heat content will require the circulation of more refrigerant 
than those with a higher latent heat content. Such a refrigerant will also make the control 
of the system easier, since less sensitive control devices are needed 1n a system that 
circulates a larger amount of refrigerant. 

The DENSITY and SPECIFIC VOLUME of a refrigerant are two properties that have a 
reciprocal relationship. When comparing refrigerant for different applications, advantages 
and disadvantages must be taken Into consideration. In order to utilize smaller lines, tubes, 
or refrigerant pipes (these terms are used Interchangeably), a h1gh-dens1ty, low specific 
volume refrigerant should be used. Such a system costs less to construct and Install. In 
some commercial Installations where there 1s a considerable vertical distance between the 
major components of the system, less pressure 1s required to circulate the refrigerant through 
the components and piping. 

Low OIL SOLUBILITY or MISCIBILITY 1s also an Important characteristic of a 
refrigerant, but It can cause oil return problems, 1f 1t 1s too low. Solubility or 
m1sc1bH1ty 1s the capacity of the refrigerant 1n Its liquid state to mix with oil necessary 
for the lubrication of the moving parts 1n the compressor. The oil will circulate with a high 
soluble refrigerant 1n a liquid state from the compressor and/or receiver, through the liquid 
line and the metering device and Into the compressor. 

Since the refrigerant vaporizes 1n the evaporator, a different situation exists; oil 
and refrigerant vapor do not mix readily. The oil circulating through the system can continue 
on Its way to the compressor only 1f the vapor 1s moving rapidly enough to entrain the oil and 
carry 1t along through the suction line to the compressor crankcase. If the vapor lines, 
either suction or hot gas, run 1n a horizontal path, 1t 1s customary to size them so that the 
vapor travels at a velocity rate not less than 750 fpm (feet per minute). When the vapor 
lines are run vertically upward, the velocity of the vapor should not be less than 1,500 fpm 
to assure that the oil will travel up the vertical line. An example of this would be an 
evaporator located somewhere beneath the compressor or condenser. 

• LEAK DETECTION : Leak detection was and 1s fairly easy when ammonia or sulphur 
dioxide 1s being used, since their peculiar odors are discernible from all others. Yet, 
depending strictly upon odors for leak detection of these refrigerants may be deceiving as 
well as dangerous. Frequently, 1n order to pinpoint a leak when there 1s quite a bit of vapor 
1n the air, a solution of soap and water 1s swabbed or wiped over the suspected area. When a 
system 1s still under pressure, bubbles will form 1n the Immediate area of a leak. This means 
of leak detection should not be used 1f a section of the system 1s under a vacuum, for the 
soap and water solution might be drawn Into the system. 

Figure 2-4 shows a hallde leak detector, which has been used successfully on systems 
with halogenated refrigerants for a number of years. This leak detector consists of two major 
components: the cylinder containing gas and the detector unit. The principle Involved 1s 
that air 1s drawn through the search hose and across a copper reactor plate, which has been 
heated red hot from the gas flame. When the search hose 1s manipulated so that 1t comes 1n 
contact with the leaking refrigerant vapor, gas 1s drawn through the hose. When the gas or 
vapor comes 1n contact with the flame and the reactor plate, the flame changes to a bluish 
green or violet color. For most leaks, this type of detector works satisfactorily; however, 
it 1s not as sensitive as the electronic leak detector shown 1n figure 2-5. This type of 
detector 1s capable of detecting leaks as small as 0.5 ounce per year. Its use 1s growing 1n 
the field because of Its sensitivity. This detector contains an Internal pump that draws air 
Into the probe and hose or tube. If there 1s any halogenated gas 1n the air drawn across the 
electrodes 1n the sensing element, a built 1n signal light will flash frequently as shown 1n 
figure 2-6. The rate of the flashing will Increase depending upon the amount of refrigerant 
vapor 1n the air. 



F1g 2-4 Hallde leak detector. 




F1g 2-5. Electronic ak detector. 
(Battery operated) 




EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What 1s the purpose of the refrigerants used 1n mechanical refrigeration systems? 



2. List the three factors that affect refrigerants. 

a. 

b. 

c. 

3. List four chemical properties of a good refrigerant that must be considered 1n the 
selection and use of refrigerants. 

a. 

b. 

c. 

d. 

4. List five Important physical properties of a refrigerant that must be considered 
when selecting and using refrigerants. 

a. 

b. 

c. 

d. 

e. 

Work Unit 2-2. PRIMARY AND SECONDARY REFRIGERANTS 

DEFINE PRIMARY REFRIGERANTS. 

IDENTIFY SECONDARY REFRIGERANTS. 

SPECIFY THE MOST PROMINENT REFRIGERANTS IN USE TODAY. 

DETERMINE THE CHEMICAL AND PHYSICAL PROPERTIES OF R-12 REFRIGERANT. 

DETERMINE THE CHEMICAL AND PHYSICAL PROPERTIES OF R-22 REFRIGERANT. 

DETERMINE THE CHEMICAL AND PHYSICAL PROPERTIES OF R-ll REFRIGERANT. 

DETERMINE THE CHEMICAL AND PHYSICAL PROPERTIES OF R-502 REFRIGERANT. 

In refrigeration, you will deal with two types of refrigerants: PRIMARY and 
SECONDARY . Your main concern 1n this course will be with primary refrigerants but secondary 
refrigerants will also be discussed briefly. 

Secondary refrigerants are agents such as a1r 9 water, and brine. They are 1n 
themselves not refrigerants and cannot be used 1n systems requiring primary refrigerants. 
Secondary refrigerants are cooler and passed over or around an area that needs cooling. They 
pick up heat from that area and then return to the cooling component of the primary 
refrigerant system. They are again cooled and the cycle starts over. These agents may be 
used as brine or water sprays or they may. be passed over the system by the use of a blower or 
fan. Remember, secondary refrigerants cannot be used In the primary system. 
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svstans Sift *Lr£ r J2T "2 !L*« f1u,d 5 u £ ed alr-condltlonlng and refrigeration mechanical 
systems that absorb heat from an area to be cooled and release this heat outside of the cooled 
or refrigerated area. Mechanical refrigeration equipment In use today Is dependent upon ?he 

KiEK mI r ! 9e T!!l t 1 t0 perf ?"! ,ts task ,n the remova1 of "eat. The refrigerant pumped 
««ci^ h ! Hl tm ,s /^ c1 ! d constantly, it is NEVER consumed. Replacement is only 
necessary In the event of a leak, or when repairs are required by the system or equipment. 

t , rhntp( !l*" ar ? n 1 umerous . Primary refrigerants In use today; however, you, as a refrigeration 
technician In the Marine Corps, will be concerned with only four of them. Of the four, you 
2* "VStiS 8 Pensively »«h two refrigerants, R-12 and R-22. The other two refrigerants 
R- 1 and R-502, are refrigerants that you might come across If you are assigned to a bSse 
maintenance organization. " 

/»< u, The majority of the equipment used by the Marine Corps requires the use of R-12 
( ^ 1 °J 0d,fl U°: 0n,et 5 ane) and R " 22 (MonochlorodlfluoromethanS). Some of the domestic and 
commercial refrigeration equipment, usually large capacity units, require the use of R-ll 
(Tr chloromonofluoromethane) and R-502 (Azeotroplc mixture of A8.BH of R-22 and 51. 2% of 

K-l 1 5 ) • 

_ . ° ue to the extensive use of R-12 and R-22 by the Marine Corps, you will begin your 
study of primary refrigerants with these two. After you have completed thl s study J you will 
be Introduced to R-ll and R-502 refrigerants by a brief discussion. * 

Because the refrigeration Industry was In need of a safe refrigerant with desirable 
rl*3 1 ? s • the fluorocarbon families of refrigerants were developed. The most' prominent 
e ! r » ge . rant » l™ use today are , part of the fluorocarbon family of refrigerants. They ire R-12 
jSH O 'H;„tc' 50 °J a f eot , r0p,C refr1 9fr ant so called because It Is a Somblnailon of ?wo 
wa ? de . wel °P ed as » substitute for R-12, and It has a greater refrigeration 
Capacity than R-12 for comparable temperature and displacement. The cooling capacity of a 
unit will Increase approximately 15X when R-12 Is replaced with R-500. capacity ot a 

R-12 was developed from carbon tetrachloride. Carbon "tet" as It was known In the 
Industry Is used as a cleaning solvent. Because It contains no moisture It Is Ideal for 
lil "Y? 9 c °" | P ressor P arts and In flushing a system. To develop R-12 from carbon tet, two of 
Sftffi & atoms Jjere replaced with two flurlne atoms. The resulting compound was 
dlchlorodlfluoromethane, better known as R-12. Because of Its high stability and low 
operating pressures and temperatures R-12 Is an Ideal refrigerant. 

• R-12 (Dlchlorodlfluoromethane ) - its characteristics are as follows: R-12 Is a 
very popular refrigerant. It Is colorless, almost odorless liquid with a boiling po nt of 
^]«,,«*J t 7S t ^ S ?5 eri 5 D ? essure - " remains a liquid at ordinary temperature If under a 

?„° V° E I 5 ps1g (P° u ? ds P er square Inch gage). In concentrations higher than 20% by 
volume In air. It has an odor that resembles carbon tetrachloride. It 1s nonlrrltatlng to 
22*!* thro«t, and lungs In vapor or air mixtures. R-12 vapor Is nonpolsonous, but It 
fiJl ^ctWrf^^l^-p \l P rodUCeS < ra,ld anest hes1a If inhaled In sufficient quaKlt es. 
« r nir i5 e taken t° kee P RJ| ? from coming Into contact with the eyes, or freezing may 
result. The only hazard to using R-12 Is the health hazard; howevef, in order for It to 
become a health hazard, there must be an accumulated leakage In a nonventHated space, or the 
fTE «ll COm f IH d1rect contact with a high temperature open flame (approximate^ ,000™ 
lS.il e,ther ? f these '"Stances occur, you will notice a pungent and Irritating odor which Is 
ample warning to prevent your health from becoming endangered. 8 

R-12 is a NONTOXIC. N0NCORR0SIVE . NONIRRITATING . and NONFLAMMABLE refrigerant. 

f i Ano ?J eni, $ a ]] y : U ,S * iner J at ord, nary temperatures and thermally stable to above 800° 
Li 4 ?!! C ll This temperature is well above the safe operating temperatures of most 
figure 2*7 mechan,Sra ra ater1als and lubricants. A table of R-12 properties Is shown In 
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VOLUME 


DENSITY 


HEAT CONTENT 




PRESSURE 


VAPOR 


LIQUID 


BTU/LB. 


Towp. P. 


rtlfl 


D. i« 

rti9 


Cu. Pt./Lb. 


Lb./Cu, Pt. 


Liquid 


Vapor 


-150 


A 1JU 


VI lit 

27.01 


178.65 


104.36 


-22.70 


60.8 


-125 


A K1A 


91 A7* 
20.07 


57.28 


102.29 


-17.59 


63.5 


-100 


1.426 


27.01 


22.16 


100.15 


-12.47 


66.2 


- 75 


J«JH 


29.02 


9.92 


97.93 


- 7.31 


69.0 


- 50 


/•I 1/ 


IK A\* 

15.43 


4.97 


95.62 


- 2.10 


71.8 


- 25 


11 CKA 


1 17* 

2.92 


2.73 


93.20 


3.17 


74.56 


- 15 


17 lil 

17.141 


7 iK 

2.45 


2.19 


92.20 


5.30 


75.65 


- 10 


IT.IOT 


A AO 

4.4r 


1.97 


91.69 


6.37 


76.2 


- 5 


21.422 


6.73 


1.78 


91.18 


7.44 


76.73 


0 


4 J. 0*7 


O IK 

T.15 


'.61 


90.66 


8.52 


77.27 


5 


26.483 


11.79 


1.46 


90.14 


9.60 


77.60 


10 


29.335 


14.64 


1.32 


89.61 


10.68 


78.335 


25 


39.310 


24.61 


1.00 


87.98 


13.96 


79.9 


50 


61.394 


46.70 


0.66 


85.14 


19.51 


82.43 


75 


91.662 


76.99 


0 V 


82.09 


25.20 


84.82 


86 


108.04 


93.34 


0.38 


80.67 


27.77 


85.82 


100 


131.86 


117.16 


0.31 


78.79 


31.10 


87.03 


125 


183.76 


169.06 


0.22 


75.15 


37.28 


88.97 


150 


249.31 


234.61 


0.16 


71.04 


43.85 


90.53 


175 


330.64 


315.94 


0.11 


66.20 


51.03 


91.48 


200 


430.09 


415.39 


0.08 


60.03 


59.20 


91.28 



* Inchtt of mtrcury btlow ont ofcnosphoro. 



F1g 2-7. Properties of refrigerant R-12. 



R-12 has a relatively low latent heat value. In the smaller refrigerating machines 
this 1s an advantage. The large amount of refrigerant circulated will permit the use of less 
sensitive and more positive operating and regulating mechanisms. It 1s used 1n reciprocating, 
rotary, and large centrifugal compressors. It operates at a low but positive head and back 
pressure and with a good volumetric efficiency. 

As shown 1n figure 2-7, R-12 has a pressure of 26.5 ps1a or 11.8 ps1 at 5° F (-15° 
C), and a pressure of 1800 ps i af g3 # 3 ps i at 860 F (30° C). The latent heat content of 
R-12 at 50 F 1s 68.2 Bfci/lb. 

Leak detection of this refrigerant may be made by several means: 

• A soap and water solution 

• A hallde torch 

• An electronic leak detector 

Water 1s only slightly soluble 1n R-12. At 0° F, 1t will only hold six parts per 
million by weight. The solution formed 1s only very slightly corrosive to any of the common 
metals used 1n refrigeration construction. The addition of mineral oil to the refrigerant has 
no effect upon the corrosive action, except to lessen the amount of discoloration caused by 
the free water. R-12 1s more susceptible to moisture when compared to R-22. R-12 1s soluble 
1n oil down to -gno f (-68° C). This helps the oil flow 1n very cold evaporators. The 
oil will begin to separate at this temperature, and because 1t 1s lighter than the 
refrigerant, 1t will collect on the surface of the liquid refrigerant. 

• R-22 (Monochlorodlfluoromethane) - Its characteristics are as follows: R-22 1s a 
man-made refrigerant developed for refrigeration Installations that need low evaporating 
temperatures. It 1s a versatile refrigerant that operates at a higher system pressure, but 1n 
exchange 1t has lower compressor displacement requirements. It 1s used most frequently 1n 
most packaged a1r-cond1t1oners like room and window air conditioners, and 1t 1s popular 1n 
central cooling units and heat pumps. This refrigerant 1s a NONTOXIC, NONCORROSIVE , 
N0NIRRITATIN6, and NONFLAMMABLE synthetic chemical specially designed for refrigeration 
installations that have a very low temperature cooling units, such as a fast freezing unit 
that maintains temperatures of -20° to -40° F (-290 to -400/ C). it 1s not necessary 
to use R-22 at below atmospheric pressures 1n order to obtain these low temperatures. 
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t* u r f f |: 1 9? rant has a boiling point of -40<> f (-410 c) at atmospheric pressure. 

II o2o ? 5S at S ont ?"* of , 93 * 21 * tu/1b at 50 F (" 15 ° C). The normkl head pressure 

at , 86 M s 1 ? 2,87 R s1a » 158 P s1 « as snown 1n f1 9 ure 2-8. The evaporator pressure 1s 43 
ps1a or 28 ps1 at 5° F. r r 

.„ " ate r; ra1xes better with R-22 than R-12 by a ratio of 3 to 1 or 19.5 parts per million 
by weight. Mater must be kept at a minimum, and driers (deslccants) should be used to remove 
most of the moisture. 

It should be noted that R-22 has good solubility 1n oil down to 16° F (-9° C). 
^SoT' SV! 1 remains fluid enough to flow down the suction line at temperatures as low as 
-40° F. At this point, the oil will begin to separate. 

Leak detection for this refrigerant 1s the same as for R-12; a soap and water 
solution, a hallde torch, or an electronic leak detector may be used. 









VOLUME 


DENSITY 


HEAT CONTENT 




PRESSURE 


VAPOR 


LIQUID 


BTU/LB. 


Tomp. P. 


Ptlo 


PtlO 


Cu. Pt./Lb. 


Lb./Cu. Pt. 


Liquid 


Vapor 


-ISO 


0.272 


29.37* 


141.23 


98.24 


-25.97 


87.52 


-12$ 


0.886 


28.12* 


46.69 


96.04 


-20.33 


90.43 


-100 


2.998 


25.04* 


18.43 


93.77 


-14.56 


93.37 


- 75 


6.610 


18.50* 


8.36 


91.43 


- 8.64 


96.29 


- SO 


11.674 


6.15* 


4.22 


89.00 


- 2.51 


99.14 


- 25 


22.006 


7.39 


2.33 


86.48 


3.83 


101.88 


- 15 


27.865 


13.17 


1.67 


65.43 


6.44 


10Z94 


- 10 


31.162 


16.47 


1.68 


64.90 


7.75 


103.46 


- 5 


34.754 


20.06 


1.52 


84.37 


9.08 


103.96 


0 


38.657 


23.96 


1.37 


63.63 


10.41 


104.47 


s 


42.888 


28.19 


1.24 


83.28 


11.75 


104.96 


10 


47.464 


32.77 


1.13 


62.72 


13.10 


105.44 


25 


63.450 


48.75 


0.86 


81.02 


17.22 


106.84 


SO 


98.727 


84.03 


0.56 


78.03 


24.28 


108.95 


75 


146.91 


132.22 


0.37 


74.60 


31.61 


110.74 


M 


172.87 


158.17 


0.32 


73.28 


34.93 


111.40 


100 


210.60 


195.91 


0.26 


71.24 


39.27 


112.11 


125 


292.62 


277.92 


0.18 


67.20 


47.37 


112.88 


150 


396.19 


381.50 


0.12 


62.40 


56.14 


112.73 



* Inch*! of morcwry bolow ono atmosphoro. 



F1g 2-8. Properties of refrigerant R-22. 



A , u • R-11 (Trlchloroconofluoromethane) - This refrigerant 1s a synthetic chemical 
product which can be used as a refrigerant. It \% STABLE. NONFLAMMABLE, and NONTOX IC. It 1s 
different from R-12 and R-22 1n that 1t 1s considered to be a low pressure refrigerant: 1t has 
a low-side pressure of 24 Inch vacuum at 5° F, and a h1gh-s1de pressure of 18.3 ps1a at 
860 p. The latent heat content at 5° F 1s 84.0 Btu/lb. This refrigerant 1s extensively 
used 1n large centrifugal compressor systems. As much as 35 lbs of this refrigerant may be 
ftby f 12 "ft by°8 ft ° f ^ conditioned Soace * ™ s would accommodate a room of about 10 

It 1s often used by the service technician as a flushing agent for cleaning the 
Internal. parts of a refrigerator compressor when overhauling the system. It 1s useful after a 
system has had a motor burnout or a great deal of moisture has accumulated 1n the system. By 
flushing the moisture from the system with R-11 » evacuation time 1s shortened. R-11 1s one of 
the safest cleaning solvents that can be used for this purpose. This refrigerant will remain 
a liquid at temperatures, at atmospheric pressure, up to 70° F. 

, • R-502 (Azeotroplc mixture) - Refrigerant R-502, as was stated earlier, 1s an 
azeotroplc mixture or 48. 8* of R-22 and 51 ,2X of R-11 5. It 1s a NONFLAMMABLE, NONCORROSIV E. 
practically NONTOXIC liquid. A good refrigerant for obtaining medium and low temperatures, 1t 
1s suitable wnere temperatures vary from (fi to -60° F. It 1s often used 1n frozen food 
lockers, frozen food processing plants* frozen food display cases and 1n storage units for 
frozen foods and 1ce cream. It 1s only used with reciprocating compressors. It combines many 
2 f ^ he J? od Prop?* 16 * both R-12 and R-22. It gives a machine the approximate capacity of 
R-22 with approximately the condensing temperature of a system using R-12. 
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This refrigerant's relatively low condensing pressure and temperature Increase the 
life of the compressor valves and other parts. Better lubrication Is possible because of the 
Increased viscosity of the oil at the lower condensing temperature. Because of the lower 
condensing pressure, It Is possible to eliminate the liquid Injection to cool the compressor. 
This Is often necessary with R-22. 

The boiling point of R-502 Is -50.1° F at atmospheric pressure. Condensing pressure 
Is 198.9 psla or 175.1 psl at 86° F. Its evaporating pressure at 5° F is 50.68 psla or 
35.99 psl. Its latent heat content at -20° Is 72.5 Btu/lb. 

R-502 has a fair solubility In oil above 180° F. Below this temperature, the oil 
tries to separate and tends to collect on the surface of the liquid refrigerant. However, oil 
Is carried back to the compressor at temperatures down to -40° F. Sometimes, special 
devices are used to return the oil to the compressor. 

The fluorocarbon (halogen) family of refrigerants consists of two groups: those of the 
methane group such as R-ll. R-12. R-13. R-14. R-zi. and and those of the ethane group 
such as R-113 and R-114. A third group of refrigerants are called azeotroplc refrigerants . 
Any compound refrigerant that Is composed of two or more refrigerants Is an azeotroplc 
refrigerant. An Important characteristic of such a compound Is It STABILITY . 

A*11 fluorocarbon refrigerants have one thing In common, a low boiling point . The 
lower boiling point, the faster the vaporization. The refrigeration cycle Is oased upon the 
ability of a refrigerant to evaporate and be reclaimed using the compressor and condenser. 
The boiling point of a refrigerant generally Indicates Its best use. The temperature demand 
In relation to the boiling point helps to determine the right refrigerant for a particular use. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What are primary refrigerant? 



2. Which of the following are classified as secondary refrigerants? 

a. Air, R-12, and brine 

b. Brine, air, and azeotroplc 

c. Water, air, and brine 

d. Fluorocarbon, halogen, and azeotroplc 

3. Select the two most prominent refrigerants 1n use today by the Marine Corps. 

a. R-12 and R-115 

b. R-22 and R-114 

c. R-11 and R-502 

d. R-12 and R-22 

4. At atmospnerlc pressure, what Is the temperature at which refrigerant R-12 will 
boll? 

a. -21.70 F 

b. -28.70 c 

c. -40° F 

d. 38° F 

e. 70 to 75° F 

5. R-12 Is an Ideal refrigerant because of Its high and low 

operating , 
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6. If you were to enter a nonventllated area that contained a refrigeration system 
and were to smell an odor that resembled carbon tetrachloride, what would you 
suspect? J 

a. That something was burning. 

b. That the area contained a high concentration, at least 20% by volume, of R-U. 

c. That the area contained a concentration of R-22. 

d. That the area contained a concentration, higher than 20X by volume, of R-12. 

7. R-22 1s used 1n units that can maintain temperatures as low as , 

a. 320 to 00 F 

b. 0° to -20° F 

c. -20° to -40° F 

d. -40° to -60° F 

8. Refrigerant R-22 has a boiling point of at atmospheric pressure. 

9. what 1s the evaporator's absolute pressure at 5<> F, 1n a unit that uses R-22? 

a. 28.19 ps1a 

b. 42.88 psla 

c. 47.464 psla 

d. 63.45 psla 

10. What are the methods for detecting leaks 1n units that use both R-12 and R-22? 



11. Besides being a refrigerant, R-ll 1s often used by the refrigeration technician 
as a m 

12. What 1s the low-side pressure at 5° F of a unit that uses R-ll as a refrigerant? 

13. R-502 has a boiling point of at atmospheric pressure. 

14. R-502 1s used only with , type compressors. 

15. What 1s the one thing that all fluorocarbon (halogen) refrigerants have 1n common? 
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Work Unit 2-3. REFRIGERANT TABLES 

SElSuS^SSlGffi^ 0 ^^: 0ETERMINE C0N0ENSING PRESSURE « EVAP0RA ™ 

absolute^Jessure! 11 TABLE F0R R * 22 ' oetermine oensity . total heat content, ano 

G I VE !L A TyplCAL REFRIGERATION SYSTEM, OETERMINE THE QUANTITY OF REFRIGERANT IN 
POUNOS PER HOUR REQUIREO TO OBTAIN THE OESIREO COOLING LEVEL. REFRIGERANT IN 

* n „„H < n A H'"I i 3 e ^ ant I s a " rr1er of heat 1n a refrigeration system; consequently, it is 
found In dmerent parts of the system In different physical states. To determine the 
pressure, density, w ma, heat content and latent heat corresponding to certaTn temperatures 
fii^-ZThS SWt ?"5 2 f the SySteffl ' * 0U use REFRIGERANT TABLES (Tablet 1 and w 
tables have been compiled for each of the most commonly used refrigerants; they give all the 

tSlffi? Sr 1 " 6 ^ \° J hat refr |? erant * certain temperatures. As a refrfjera?? on 
ft™ ♦hl« , ^ 0U H ne 5 d * n ?? nave a ful1 understanding of all Information that can be extracted 
foT^S^efJS r ^ a " d Sressur^r 

cL^on 1 ;^ tt e b a o C !l?n a g bl p e o?n r t e X 
condensing point of the refrigerant. It must be remembered that the boiling point 5 SlloSld 
and the condensing point of the vapor are exactly the same at any given pressure For 

K2^ a IS r K s ^;i!i2S2 us ?J c f n ^ 1n9 equ1pment a s d extremel * CoVotR"2« 

?? So \ m u X 1 ?S 1 S ded, * t 5 e tables start at " 40 ° F - Because R-12 bolls at approximately 
"Jl^ Jni I 1 Sh ? u1 ? be n0ted tnat tne Pressures below that temperature are negitl ve and 
of P 14!rSs1a!! VaCUUm ' That 1S * th0Se pressures are bel °" standard atmospheric pressure 

As was discussed earlier, In refrigeration you will be dealing with two tvoes of 
pressures: GAGE and ABSOLUTE . Pressure Is'an indication of the act on of a forced a 
surface. AFsea level, the pressure of the atmosphere is 14.7 ps la The ordinary pVessure 
gage reads only the pressure which exceeds atmospheric pressure. This Is called GAGE PRESSURE 
and is read In pounds per square Inch. ABSOLUTE PRE SSURE Is found by adding the atmospheric 
pressure to the gage pressure. Referri ng to T ables I and II, notice that the absolute 
pressure In column 2 Is 14.7 pounds higher than the gage pressure in column 3 In normal 
practice, gage pressure Is used. A VACUUM GAGE indicates pressure belSw Stmospher1c!^d the 
reading Is expressed In Inches of mercury (shown by asterisks In column 3). 

♦-.„ * Referr l n ?o t ? I ab1es 1 a " d n » examine each column. Column 1 and 9 give the 
^£! ra 3 ureS at £ intervals. Column 2 and 3 list the absolute and gage pressures for each 
temperature at which the refrigerant will either boll or condens e. CoTumns 4 and 5 show the 
or wejc|ht of the liquid refrigerants and refrigerant vapor, In JSunds per cub!?Voot 

to "™se tngl2Se rat a ?e C yf n i n ?t"'?Per pound, 0f 11t|u1d Errant whig I mu s t be adSed 
Si.il ? the temperature of 1 lb of liquid refrigerant from -40<> F to the temperature in 

? Sid S the SlTiS 0 !! th ? T* °o S eat requ1red t0 change 1 " b ofrefrlgeran? from 
LjTlL temperature In column I or 9 to a vapor at the same temperature. Column 8 
shows the total amount of heat needed to raise 1 lb of refrigerant f rom -40O F to the 
temperature m column 1 or 9, and then vaporize it at the same temperature. 

< — Evaporating and condensing temperatures are determined at the design stage of the 
equipment. For example, In an air conditioning system the evaporator temperature may be 40<> 
F and the condensing temperature may be 105<> F. However, in a cold storwe Slant 

° r - W" tu :« raay be « lo « « F. with the discharge temperatures varying 
'™^ t to "00 F. Thus, depending on the degree of cooling desired and the type 8 ' 
equipment used, the evaporating and condensing temperatures become somewhat fixed. 
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frtli I. Proptrtftt of Mturittd rtfrtgtrtnt 1-12. 
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Table I. Properties of saturated refrigerant R-l2-(con't). 
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Properties of saturated refrigerant R-22. 
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Table II. Properties of saturated refrigerant R-22-(con't). 
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fR 12 in ItT rld\ ^ e K d 5? 1g J ?L a c Par S!S ular 1tem of equipment calls for the refrigerant 
(R-12 1n this case to boll at 40° F. Referring to table I, it 1s found that the oressSe 

*5 e „5? aporator c ( where the refrigerant vaporizes and absorbs heat) at that temLKture^iii 
c e J?* 9 r*S s19 * For P ract1ca1 Purposes, it can be assumed that pressure at thTlnlet f suet on 
s de) of the compressor will also be 36.971 ps1g. Pressure of the vapor must now be rilsed 2 
al ow the condensing medium at a normal temperature to remove heat that was 5ld£d ud hi 2L 
R-12 refrigerant as 1t passed through the evaporator. If the condenslna h.inE y 

circulated around the refrigerant tubes (condenser) was of the Jame "IlpaSfiX « !he 

refrigerant must be condensed on the h1gh-s1de of the system «t lino t l n 1„,kiI ** 

reMre^ ^compressor size , and whether a system 1s o wr^iFit tffS^ ffl^ M * 

• REFRIGERATING EFFECT - If a specific job 1s to be done 1n a refrlaeratlon svstem 
or cycle, eacn pound of refrigerant circulating 1n the system must d! ItsrtaJTJf thVSrf 
It must absorb an amount of heat 1n the evaporator or coiling coll. and It mSst dlssloaM thu 
heat (p us some heat that 1s added 1n the compressor) out though thS oondeS!r whether 
2M°2JS , ^! r h" C ?S 1ed * ° r e y«P°r«t1vely cooled. The work done by ea?h pSuSd'of fSrlgerant 
as 1t goes through the evaporator 1s reflected by the amount of heat it nicks un^«« th2 
refrigeration load, chiefly when the refr1gerantVnderg7« a !tff ^.{S^TTlJlld to 

When the refrigerant, as a liquid, leaves the condenser, may ao to a receiver im »n «♦ 
is required In the evaporator, or 1t may go directly mto the liquid ??ne to" [he mrterlS 
device and then Into the evaporator coll. The liquid entering the metering devlcSlSst Lad 
°l! he * eVap0rato I co1 , w111 have a certain heat content which 1s dependent on Its temSerSSre 
222«JitS t, I?i th i. co i 1, aS 15 Shown 1n the refrigerant tables! The vapSr SvlnTXe 

™ e difference between these two amounts of heat content 1s the amount of work done h« 
each pound (lb) of refrigerant as 1t passes through the evaporator and picks up h^A S * 

t^ U S^tVo^Uh S Ke by ys e Sr Und ° f refrige " nt 15 k "° Sn 45 th8 REFRI6EMTI0N EFFECT of 

This refrigeration effect 1s rated 1n Btu per pound of refrlaerant fRtu/ihl aiMm.ua. 
there are numerous formulas for computing ref rigeration effect, you wilt us e the Sable? to 9 
calculate two ways 1n which refrigeration effect or work being done by eaSh pound of 
refrigerant under certain conditions 1s determined. P 

* . For example, assume that R-12 1n the colls has a temperature of 40° F. and the 

JSTl call*? J„e U „eJ USt * bef ° re A he expans1 ° n va i ve Uterine dSvlcS) J 100° F? From 
table i, column 8, the heat content of the vapor at 400 F is ai air r+h/ik« I !! 

2 nWX'ti T F ', c ? lun,n «• 15 31 BS/lb. Thereforef'ine refrl era? oVe^ect^Ill 
ShJrhin Wi'l* ? 1nUS 3K1 5 tu ^ lb * or 50 ' 335 Btu / lb - In other word, onl pound of 5!l2 I 
tSrjJecedlng "n U d1t P o e n r sr nd ° f refrl9erant 10 P ' SSln9 thr0Ugh the ^rlgStlons^JL. 

As a second example, using the table of saturated R-12 fTahi* n it r» k» +u.+ 
C /?K nt ? ftt ,° f ^ F l1qu1d 15 31 ' 10 BtS/lb (SlS! 6) and that 40° F liquid 1s *"* 
■L 7 ; 2 L B £ U/lb (C0 ]T 6) * Th1s m^cates that 13.83 Btu/lb 31.10 Btu/lb minus 17 27 Btu/lb 

evaporator and refrigerant and 1s NOT the sameTnall cases.) Particular 

R 22_iT a f?e a ??? he r* eXainP K e let 'M! S f L di ! f erent refrigerant. From the table of saturated 
,ll z -+ table J!). It can be seen that the heat content of 100° F liquid 1s 40.98 Btu/lb this 
f1 ! Ure j5 °5 ta1ned from c 2 lumn 6 » and ^at 400 F liquid 1s 21.76 Btu/lb this figure also 
SlSoltu/tf/hS! t°^ri^ Vl wouldl1nd1 c«te that 19.28 fliu/lb (40.98 Btu/lbSJarted by 
21.70 Btu/lb) has to be removed from each pound of refrlaerant entering the N»m»M n.« 

cSl^n 5? at ,S t V h a e P °H r ]? at10n ° f A°° F R " 2 ? ?S 87 ' 39 SimS WwalTS ne°d r *fr2 e 

column 7). and the difference between this amount and that which Is given up by each pound of 
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refrigerant, when Its liquid temperature Is lowered from 100° F to 40° F, Is 68.11 Btu/lb 
(87.39 Btu/lb minus 19.28 Btu/lb). 

Again, It must be emphasized that the refrigeration effect will be different depending 
on the particular evaporator and refrigerant used In the system. This can be seen by the 
examples that have been or will be given. An example of this Is as follows: If we were to 
use R-12 as the refrigerant in the system, increase the temperature of the refrigerant liquid 
from the condenser to 110° F and decrease the temperature of the liquid refrigerant to 30° 
F. Using the table of saturated R-12, you see that the heat content of 110° F liquid Is 
33.53 Btu/lb and that of 30° F liquid is 15.05 Btu/lb. From this, you will find that 22.47 
Btu/lb has to be removed from each pound of refrigerant entering the evaporator. ( Remember , 
because of the small orifice In the metering device, when the compressed refrigerant passes 
from the smaller opening In the metering device to the larger tubing in the evaporator, a 
change In pressure occurs along with a change in temperature.) The latent heat of 
vaporization of 30° F R-12 is 65.36 Btu/lb, and the difference between this amount and that 
which is given up by each pound of refrigerant when Its liquid temperature is lowered from 
110° F to 30° F is 42.89 Btu/lb. This quantity is obtained by subtracting from 65.36 
Btu/lb (column 7) 22.47 Btu/lb (the amount of heat that must be removed from each pound of 
refrigerant entering the evaporator). 

• SYSTEM REQUIREMENTS - In order to obtain the desired cooling level (system 
requirement), you must be able to determine the proper amount of refrigerant required In a 
particular system. To find this, first determine the amount of heat per hour to be removed In 
Btu's (this would be predetermined by heat calculations). Divide this (the amount of heat per 
hour to be removed) by the heat removal potential (refrigeration effect) per pound of 
refrigerant and If the total heat load is known, given In Btu's per hour, you can find the 
total number of pounds of refrigerant that must be circulated during each hour of operation of 
the system to obtain the desired cooling level. This figure can be further broken down to the 
amount that must be circulated each minute by dividing the amount circulated per hour by 60. 

Example : 

If the total heat load to be removed Is 60,000 Btu's per hour, and the refrigerating 
effect In the evaporator amounts to 50 Btu/lb, then: 

60|000 Btu's per hour . 1,200 pounds per hour or 20 pounds per minute. 
50 Btu's per pound 

Since 12,000 Btu's per hour equals the rate of one ton of refrigeration, the 60,000 
Btu/hr In the above example amounts to 5 ton of refrigeration, 

gOjOOO Btu/hr . 5 tons of refrigeration 
12,000 Btu/hr 

and the 20 lbs of refrigerant that must be circulated each minute Is equivalent of 4 lbs per 
minute per ton of refrigeration. You know that one ton of refrigeration for 24 hours Is equal 
to 288,000 Btu's. 

In this example, where 20 lbs of refrigerant having a refrigerating effect of 50 
Btu/lb Is required to take care of the specified load of 60,000 Btu/hr, the result can also be 
obtained in another manner. As previously mentioned, It takes 12,000 Btu/hr to equal 1 ton of 
refrigeration, which Is equal to 200 Btu/knln/ton. 

12.000 Btu . 200 Btu/min/ton 
60 mln 

Therefore, 200 Btu/m1n/ton when divided by the refrigerating effect of 50 Btu/lb 
amounts to 4 lbs/m1n/ton. 

200 5Q t pfil/?^ tOW " 4 lbS/hl1n/t0n 

To obtain the amount of refrigerant required for the 60,000 Btu/hr, multiply 4 
Ibs/mln/ton by 5 tons of refrigeration, which will equal 20 1bs/hr. 

To find the amount of R-22 required In a system which has a heat load of 36,000 Btu/hr 
and a refrigerating effect In the evaporator amounts to 68 Btu/lb. 




L ■ 529.4 lbs/hr or 8.82 Ibs/mln 
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«* d « From } M A exam P le » can see that 1t will take 8.82 pounds of refrloarant Mr mi „..*<. 
of R-22 circulating In the system to obtain the desired cooling "Kl oMmIobK/E 

• COMPRESSOR SIZE - The required displacement. 1n cubic feet ner min.it- „# 
compressor for a system may be determined by reducing the hoSrly suooW 5Sii™It 
required to a per minute basis and dividing the quantity by the dSsltJ If fhTrSnSLnt 
vapor leaving the evaporator. Because ^compressor Is not 100X Sfic1.lt the ca lSilEd 

«r n ti.^ asiis d%?. o ;:;s r t 1 f e ;u f i f ie c i? ncy ' expressei f « :^irio cuuted 
wltS 

d e\ h S teffi 

cannot be maintained. A compressor that 1s too large will withdraw the refrW»„? iZl !K 

EXERCISE: Aneh.rU. JjJ^^tlw end check *„r r Mp o. S . S .,.!„« ch.« listed « 
l»te: questions l through 3 refer to the refrigerant teblo for B-12. 

iw snares: a^Bj'p&K 1 ,*? bo11 at 360 f - — — « 



2. For the conditions described in question #1, what would the evaporator pressure be? 



3. For the conditions described 1n question #1, what 1s the refrigerating effect? 



Note questions 4 through 6 refer to the refrigerant table for R-22. 
4. What 1s the density of R-22 vapor at -28° F? 



5. What 1s the total heat content of R-22 vapor at 32° F? 



6. What 1s the absolute pressure of R-22 at a temperature of 56° F? 
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Work Unit 2-4, ST0RA3E AND HANDLING OF COMPRESSED GASES 

SPECIFY IN WRITING TWO IMPORTANT REASONS FOR PROPER IDENTIFICATION OF COMPRESSED 
GAS CYLINDERS. 

STATE TWO ITEMS OF INFORMATION FOUND ON COMPRESSED SAS CYLINDER DECALS. 

IN REFILLING. SPECIFY THE MAXIMUM QUANTITY OF REFRIGERANT THAT IS PLACED IN A 
EMPTY CYLINDER. 

SPECIFY IN WRITING THE PROTECTION ACCORDED REFRIGERANT CYLINDERS DURING THE WINTER. 

SPECIFY IN WRITING THE PROTECTION ACCORDED REFRIGERANT CYLINDERS DURING THE SUMMER. 

As a refrigeration technician, you must be able to tell the difference between the 
numerous compressed gases that you may come Into contact with during the performance of your 
duties. The way 1n which you will be able to do this 1s to Identify the different markings of 
the cylinders that contain compressed gas. You must also know the correct procedures for 
handling and storing these cylinders. In the performance of your duties, you will be actively 
Involved 1n transferring and measuring refrigerant. 

In the following work unit, the Identification, handling, storage of compressed gases 
and the cylinders that they are 1n, plus transferring and measuring refrigerants will be 
discussed. 

You will find there are many types of gases used throughout the Marine Corps. 
Although, while performing your duties you will come Into contact with only a few on a day to 
day basis, you should be capable of Identifying all cylinders that you may encounter as a 
refrigeration technician. 

The most Important reasons for Identifying compressed gases properly 1s to first 
PREVENT PERSONAL INJURY and secondly PREVENT PROPERTY DAMAG E that may result 1f compressed 
gases are not handled properly. In the past, many incidents of property damage and personal 
Injury have occured because one gas cylinder was mistaken for another. To prevent this, rigid 
color codes have been established to make 1t PRACTICALLY Impossible to confuse gas cylinders. 

Gases have been broken down Into nine classes, and each has Its own color. The 
following are the classes of gases and their assigned color code: 



GAS 



BASIC COLOR OF CYLINDERS 



Industrial 
Medical 

Toxic material 

Refrigerant 

Fuel 

Inert 

Oxidizing 

Oxygen 



Tan 

Blue 

Brown 

Orange 

Red 

Gray 

Black 

Green 



F1g 2-9. Types of gases and colors of cylinders. 



Figure 2-9 shows some of the more common gases that you, as a refrigeration 
technician, will come 1n contact with, their color markings, usage, and safety precautions for 
handling them. 



ERLC 



GAS 



♦Compressed gas 



♦Carbon dioxide 



Gases (Asterisk Indicates high-pressure gas) 
CONTAINER SIZE COLOR MARKINGS USE 



200 ft 3 cyl 



15 lb cyl 



Black w/green 
stripe 



Gray 



General 



Recharging fire 
extinguishers, 
soda fountains, 
etc. 
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PRECAUTIONS 



General safe 
handling. A1r 
under pressun 
1s dangerous 

General safe 
handling 



Gases (Asterisk Indicates high-pressure gas) 



GAS CONTAINER SIZE COLOR MARKINGS USE PRECAUTIONS 



♦Carbon dioxide 


Various 
weights 


Red 


Fire extin- 
guishers 


General safe 
handling 


♦Oxygen 


200 ft 3 cyl 
100 ft 3 cyl 

200 ft 3 cyl 


Sreen 

Green w/whlte 

9bl 1 pC 


General welding 
and cutting 

purpurea . 

Refilling small 

av lakur s 

breathing cyls. 


Dangerous fire 
hazard. Do not 

cf nvA noil* 

store near 

combustible 

gases 

or flammable 

materials. 

NEVER 

1 IIDDT TATr 

LUoKXLMIb 


♦Acetylene 


10 ft3 cyl 
40 ft 3 cyl 
225 ft 3 cyl 


Yellow 


Welding, cutting 
and heating 

nrocedures 

pi VvCUMI G« 


Highly flamm- 
able. Store 

cvl unrlaht. 

\»jr i. wpi i yn w. 

Keep valves 
closed 


'Chlorine 


30 ft3 cvl 
100 ft 3 cyl 
120 ft 3 cyl 
150 ft 3 cyl 


Brawn 

OI WWII 


Por ehl ori n - 
rwi v»niui in— 

atlng water sup 
ply systems 


Store cyl up- 
right 


Refrigerant R-12 


10 lb cyl 
35 lb cyl 
100 lb cyl 


Orange 


Refrigerating 
systems 


General safe 
handling 


Refrigerant R-22 


10 lb cyl 
35 lb cyl 
100 lb cyl 


Orange 


Refrigerating 
systems 

*m J *P ¥vlll« 


General safe 
handl Ina 


Refrlaerant R-ll 


Bulk 


Oranoe 

w i an jig 


Rofr \ a&mtina 
iw ill i a w 1 1 1 y 

systems 


handling 


Refrigerant R-502 


35 lb cyl 


Orange 


Refrigerating 
systems 


General safe 
handling 


Ethyl chloride 


50 lb cyl 


Orange w/ 
yellow stripe 


Refrigerating 
systems 


Highly flamm- 
able 


Amnion la 


50 lb cyl 


Orange w/ 
brown cap and 
yellow stripe 


Refrigerating 
systems 


Guard against 
leaks. Isolate 
from others. 
If conventional 

base store u n- 

right In cool 
place. 


i 


Fig 2-9. 


Compressed gas cylinders, 
their markings, and safety 
precautions. 





Other Identifying features consist of the name of the gas stenciled lengthwise on the 
cylinder In 2 Inch letters In two places, and two oval decals 3-1/2 Inch long by 1-1/2 Inch 
wide. These decals show the name of the gas, proper handling precautions, and the amount of 
pressure to be left In the cylinder when It Is returned for refilling. The decals are of the 
same background color as the Identification color of the gas. 

Most refrigerants are shipped and stored In compressed gas cylinders of some type, 
which are made of high quality steel and conform to ICC (Interstate Commerce Commission) 
specifications. These regulations pertaining to the manufacture cover testing, filling, and 
shipment of all compressed gas containers and are subject to Interstate transportation laws. 
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There are three types of refrigerant cylinders: storage , returnable , and disposable . 
Safety regulation prescribed by ICC regulations require that cylinders which have contained a 
corrosive refrigerant must be checked every five years. Cylinders containing noncorroslve 
refrigerants must be checked every 10 years. All cylinders over 4-1/2 Inch In diameter and 12 
inches long must contain some type of pressure release protective device, a fusible plug, or a 
spring operated relief valve. H 8> 

. . . • HANDLING CYLINDERS - Refrigerant cylinders should be considered full and 
handled with care at an times to prevent possible accidents. They must NEVER be dropped or 
allowed to forcefully strike each other or any other object. When cyllnderTTre standing 
upright, they should be fastened to prevent them from being upset accidentally. Particular 
care should be taken by personnel NOT to strike the cylinder valve when a valve protection cap 
is not In place on the cylinder. Suitable trucks with provisions for holding cylinders 
securely In position are to be used for convening and handling cylinders. Cylinders must NOT 
be lifted by cranes or by mechanical lifts unless they are fastened In special containers,— 
racks, or cradles. Rope or chain slings are NOT to be used. Cylinders should NEVER be lifted 
by grasping the valve or valve protection, cap" 

_ • CYLINDER STORAGE - Refrigeration cylinders must be protected against excessive 
rise and/or fall or temperature, if possible, cylinders should be stored Indoors In a cool, 
dry place. Storage areas must be well ventilated to prevent the possible accumulation of 
explosive or harmful concentrations of gas. Cylinders stored In the open must be protected 
from Ice and snow In the winter. In the summer, they must be protected or screened from the 
direct rays of the sun. Ventilation should be provided to keep temperatures below 125° F 
and to carry off any possible leakage. Refrigerant cylinders must not be stored near highly 
flammable materials such as oil, gasoline, aid waste, or In a location where heavy objects may 
fall on or strike them. Smoklna should be PROHIBITED wherever cylinders are stored. Steps 
must be taken to Insure that cylinders do not get Knocked over. Empty cylinders must be kept 
separate from full ones. 

Now that the procedures for handling and storing refrigerant cylinders have been 
discussed, you will learn how to transfer and measure refrigerants that were mentioned 
earlier. Figure 2-10 will show you the common refrigerant cylinders that you will undoubtedly 
encounter. 



i4*..4-i 22 f !? 1gera !! ts *™ shipped In compressed gas cylinders as a liquid under pressure. The 
liquid refrigerants are usually removed from their shipping containers (fig 2-10, #6) and 
transferred to a service cylinder (fig 2-10, #3 thru #5) or to a refrigeration unit If the 
quantity of refrigerant calls for a large quantity. When small quantities of gaseous 
refrigerants are desired, they may be removed directly from the upright cylinder. However, 
since vaporization of the refrigerant requires heat, the cylinder must be heated fror; some 
external source other than room temperature * unless only small quantities are required. 
Cylinders may be heated by Immersing them In hot water or by wrapping them In a hot towel at 
less than 120° F. Heating by FLAME Is NOT recommended because of the possibility of a fire 
or explosion. — 



A 





1 2 3 4 S 6 

Fig 2-10. Refrigerant cylinders. 
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As a refrigeration technician, you will usually carry a small service cylinder that 
weighs 4 to 30 lbs, which you will use when charging refrigeration systems. The service 
cylinders are usually filled from the storage cylinders located In the shop. 

When a service cylinder Is to be filled, It should be placed on a scale to determine 
Its weight. Refrigerant service cylinders must NEVER be overfilled because a rupture, due to 
extreme pressure, may result, and this endangers' the lives of personnel In the area* A 
platform scale, such as the one shown In figure 2-11, Is usually u*ed. After the drum 
(service cylinder) Is Initially weighed, It should be chilled by placing It In Ice water or a 
refrigerated tank. It Is then connected to the supply cylinder with a charging line and again 
placed on the scales. At this time the air should be purged from the charging line (hose) by 
opening the supply cylinder valve for an Instant with the flare nut loose on the service 
cylinder, refer, to figure 2-11. After purging the charging hose, tighten the flare nut and 
open the valve on the service cylinder. Now, open the valve on the supply cylinder to permit 
the refrigerant to flow Into the service cylinder. When the weight of the cylinder Indicates 
that the proper amount of refrigerant has been transferred, close all valves tightly. 
Disconnect the charging hose at the service cylinder and cap all openings. The filled weigh 
of a refrigerant cylinder must not exceed Its empty weight plus the rated refrigerant capacity 
for a cylinder of that particular size. 

NEVER completely fill a refrigerant cylinder with a liquid refrigerant. Always allow 
space for the refrigerant to expand. Liquid refrigerant expands with an Increase In 
temperature, as you should always know. A cylinder completely filled with cold or cool 
refrigerant will burst If allowed to warm. To check, shake the cylinder end to end. If there 
Is unfilled space, the liquid refrigerant will be able to be heard as It sloshes from end to 
end; a completely filled cylinder will make no sound. The SAFE LIMIT for a cylinder Is 85% 
filled. 

Some shops will not have the capability to refill service cylinders. Returnable 
service cylinders are exchanged at supply Issue point. Empty cylinders are returned and full 
ones are provided as a replacement on a one for one basis. 

The use of returnable service cylinders Is being reduced because of the Increase In 
the use of DISPOSABLE service cylinders. Refer to figure 2-12 for examples of disposable 
service cylinders. 




LARGE STORAGE CYLINDER 



STORAGE -CYLINDER VALVE 




•—VALVE A (PACKLESS TYPE) 
SERVICE-CYLINDER FLARE NUT 



STAND 



CHARGING HOSE 



SERVICE-CYLINDER VALVE 



STORAGE-CYLINDER 
FLARE NUT 



SMALL SERVICE CYLINDER 



SCALES 



Fig 2-11. Transferring refrigerants. 
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F1g 2-12. Disposable service cylinders. 



,« ,^ , Ha !£ P°P u ] ar refrigerants are now available 1n small quantities from a few ounces to 
Ii J&J! 21 Sp0Sa 5 e (t i rowa , wa ?) c * 11nde rs. T>»ese containers are easy to handle and they 
eliminate the problem of refilling. Figure 2-12 Illustrates popular throwaway cylinders. 

Most disposable cylinders are fitted with relief valves . These are usually located 1n 
the valve body. Some throwaway refrigerant containers are sealed cans. The top 1s made 1n 
such a way that a special service valve can be tightly clamped to the top of the can. This 
valve, when clamped on the can, can be made to puncture 1t, thus providing a means of drawing 
the refrigerant from the container. 3 

Disposable cylinders MUST NEVER be recharged nor used to store those refrigerants that 
are removed from a system that Is undergoing repairs. 

i,w<*^l^ he ?5 ve 2 t ,? f d1s P°sa>le cylinders, all cylinders are color coded to permit easy 
Identification. The following 1s a 11st of the color codes currently in use: 

REFRIEGERNAT CYLINDER COLOR CODE 

o'H Orange 

I'll wh1te 

5" cL Green 

R-502 Orchid 

NEVER rely totally on the color code on any cylinder or container to Identify 
compressed gases; be sure to read the label. If you have any questions, do not use the gas 1n 
verified? Unt1 1 *> w questions have been answered and the contents of that container Is 

«*-4n«I!!! f0 I]°5 ing 1s a 11s t of 13 rules that you should follow when working with 
refrigerant cylinders: 

• NEVER drop the cylinder or permit them to strike each other. 

• NEVER use a lifting magnet or a sling when handling cylinders. A crane may be 
usecTonly 1f a cradle or safe platform 1s provided. 

• Jeep cylinder valve caps on at all times, except when the cylinder 1s being 
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• NEVER completely fill a cylinder; 85* 1s the maximum safe limit. Overfilled 
cylinders are apt to burst due to the hydrostatic pressure. 

• NEVER mix refrigerants 1n a cylinder. 

• NEVER use cylinders for a support or roller. 

• NEVER tamper with the safety device on a cylinder. 

• Open cylinder valves very slowly and use a cylinder valve wrench. DO NOT use 
a pipe or monkey wrench. 

• NEVER force misfitting connections. Make sure all connections are of the same 
sTze as those on the cylinder. 

• NEVER attempt to repair 01 alter a cylinder or Its valve. 

• NEVER store cylinders near flammable or combustible materials. 

• Always keep cylinders 1n a cool place and away from direct rays of the sun. 

• NEVER store full and empty cylinders 1n the same location. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. The reason for proper identification of compressed gases 1s to 
prevent and . 



2 Besides showing the amount of pressure to be left 1n the cylinder when 1t 1s 
returned for refilling, what are two other Hems of Information found on the 
decals affixed to the cylinders? 



a. 
b 



3. What means 1s used to determine the quantity of refrigerant 1n a cylinder? 



4. When refilling a cylinder, what 1s the maximum percentage of a refrigerant that 
can be safely placed 1n the cylinder? 



5. In the winter, cylinders stored 1n the open must be protected 
from and 



6. In the summer, cylinders must be protected or screened 
from . 

7. Ventilation should be provided to keep temperatures below when 

refrigerants are stored during the summer. 
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Work Unit 2-5. LUBRICANTS 

STATE AN * 'PORTANT ASPECT OF LUBRICATION IN THE MAINTENANCE OF THE MECHANICAL 
COMPONENTS OF A REFRIGERATION SYSTEM. 

DEFINE THE VISCOSITY OF A LUBRICATING OIL. 

LIST THE TWO PRINCIPAL METHODS OF PROPER COMPkESSOR LUBRICATION. 

STATE THE PURPOSE OF AN OIL SEPARATOR IN A REFRIGERATION SYSTEM. 

LIST THE THREE MAIN CATEGORIES OF REFRIGERANT OILS. 

In refrigeration systems the moving parts 1n several of the components create 
friction, which can be destructive to metal surfaces. In addition, this friction results 1n 
an Increase 1n the temperature of the moving parts Involved. Because proper lubrication 
reduces possible damage resulting from friction, 1t 1s an Important aspect 1n the maintenance 
of the mechanical refrigeration system's components. The compressor requires PROPER 
LUBRICATION for Its bearings, pistons, and gears. 

In the case of a reciprocating compressor, the space between the piston and cylinder 
wall must be sealed off so that all refrigerant vapor will be forced out of the cylinder and 
Into the hot gas discharge line. This sealing off 1s accomplished by the refrigerant oil as 
1t 1s forced to travel along with the compressed refrigerant vapor. If the oil film does not 
seal off the space as the piston moves back and forth 1n the compressor crankcase, a loss 1n 
efficiency will result. 

As mentioned earlier, oil used 1n refrigerating systems mixes with and travels along 
with most refrigerants 1n the liquid state. It 1s Imperative that oil from the crankcase be 
forced out of the compressor and Into the condenser through the hot gas line. In order to 
maintain proper lubrication of the moving parts and to keep the correct oil level 1n the 
compressor crankcase, the oil must complete the circuit along with the refrigerant, and th°n 
1t must make Its way back to the compressor. 

Traveling with the liquid refrigerant, the oil will reach the evaporator, which 1s one 
of the components 1n which moving the oil presents a problem. If the oil does not travel from 
the evaporator to the suction line, the evaporator can become oil logged, decreasing the heat 
transfer surface of the cooling coll. 

Suction lines must be sized correctly to maintain the velocity of the vapor, 1n order 
to entrain the oil with 1t through the circuit back to the crankcase of the compressor. If 
the oil 1s not returned to the compressor, this component could soon be operating 1n a H dry H 
condition. When this happens, no oil 1s pumped through the cylinder; therefore, the vapor 
seal will be gone, and the compressor will lose efficiency. If this situation continues 
uncorrected for a lengthly period, there will be damage to the compressor. 

To principal methods are used for proper lubrication of compressors: 

• The splash system 

• The force-feed or pressure system 

In the first method, lubrication 1s Initiated by the revolving of ths crankshaft 1n the oil 
within the crankcase. Fingers or throws on the crankshaft dip Into the oil and throw 1t onto 
the bearings or small grooves that lead to the bearings and seal. Oil also 1s thrown onto the 
pistons and cylinder walls, thus maintaining the vapor seal between these components. The 
Importance of keeping the proper oil level 1n the crankcase cannot be stressed too strongly, 
along with the need for keeping the oil moving through the system along with the refrigerant. 

A small pump 1s used 1n the pressure system to force the oil to the bearings, seal, 
piston pins, pistons, ar<J cylinder walls. A compressor, with this type of lubrication system, 
1s, of course, more costly than one using the splash system; however, the former supplies more 
protection and assurance of proper lubrication of the compressor, as long as there 1s an 
adequate supply of oil 1n the crankcase. 

Some compressors are Inherent "oil pumpers." That 1s, they pump oil out along with 
the refrigerant vapor at a rate faster than 1t can be returned through the system to the 
crankcase. Often, the manufacturer will include an oil separator on the condensing unit. If 
the compressor 1s to be used 1n a built-up system, the manufacturer will recomnend that such 
an oil separator be Included 1n the Installation. 
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Figure 2-13 shows a cutaway of an oil separator Installed 1n a refrigeration circuit. 
It Is Important that the oil be returned to the compressor as soon as possible, so the oil 
separator Is located between the compressor and the condenser. The high-temperature, 
high-pressure vapor, along with the oil forced out of the compressor travels through the 
discharge line from the compressor until 1t reacnes the oil separator. There, Its direction 
of flow Is changed, and Its rate of flow lessens, since the separator has a larger volume and 
cross-sectional area than does the discharge line. Depending upon the design of the 
separator, It may contain screens or other devices that will force the oil to drop Into the 
reservoir of the separator, while the refrigerant vapor continues on Its path through the 
separator. 

Note ; The oil separator must be insulated to prevent flash gas from occurlng Inside 
the separator. 



Oil Return Refrigerant 
Line Vapor Line 




Compressor Separator Condenser 



Fig 2-13. 011 separator. 



As shown 1n figure 2-13, most separators contain float and valve assemblies for 
releasing the oil back Into the compressor. When a given amount of oil has accumulated In the 
reservoir chamber of the separator, the buoyancy of the oil will raise the float and open the 
valve. The pressure of the refrigerant discharge vapor 1s greater than the pressure In the 
compressor crankcase, and this difference In pressure forces the oil to return to the 
crankcase. As the oil level In the separator lowers, so does the float, causing the needle 
valve to close and permitting the accumulation of more oil In the separator. 

As was mentioned earlier, a refrigerant oil must have good lubricating qualities and 
the capability to seal off the low side from the high side 1n the compressor. While the oil 
lubricates the bearings 1n the compressor, It also acts as a cooling medium by removing from 
these bearings the heat caused by the friction of the moving components wi:en the compressor 1s 
1n operation. 

The perfect oil to use with all refrigerants and under all conditions has not been 
developed as yet. Each of the refrigerant oils available has Its good and not-so-good 
characteristics, and these must be balanced against the requirements of the Installation and 
the use to which the particular system 1s to be put. 

The following 1s a 11st of several qualities that a refrigerant oil must possess to be 
used within a refrigeration system: 

• It must remain fluid at low temperatures. 

• It must remain stable at high temperatures. 

0 It must not react chemically with the refrigerant, metals, motor Insulation 
(when used 1n hermetic compressors), air, or other contaminates. 

• It must not decompose Into carbon under any anticipated operating conditions. 
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It east be dry and at frto of aolsture at possible 
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• Pour point 
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Many compressors *nd motors are hermetically sealed together In housing or shells, and 
the refrigerant vapor from the evaporator passes across the Insulated motor windings. In such, 
cases, the refrigerant oil must have a resistance to the flow of electric current, and It Is 
the measurement of this resistance which Is the OIELECTRIC STRENGTH of a refrigeration' 
lubricating oil* 

The FIRE POINT of a refrigerant oil Is associated with the flash point of a fluid, 
which was previously described. When the temperature Is Increased beyond the flash point of 
the oil vapor and the oil continues to burn during the test, the oil's fire point has been 
reached. 

Sulphur compounds In a refrigerant lubricating oil are undesirable. Sulphurous acid 
forms when moisture mixes with a sulphur compound. This acid, which Is not considered much of 
a factor In oils today, can be very corrosive to the metal components of a refrigeration 
system. A good lubricating oil should show a mlnlmun of CORROSIVE TENOENCY when a strip of 
highly polished copper Is Immersed In a sample of oil and subjected to temperature above 
200° F. After a period of about three or four hours, the copper strip Is removed from the 
oil sample. If It Is pitted or more than slightly discolored, this Is evidence that the oil 
contains too much sulphur. 

STABILITY of the refrigerant lubricating oil was discussed In connection with the 
flash point of refrigerant oils. Still another Indication of an oil's stability Is Its 
resistance to chemical reaction, 0XI0ATI0N RESISTANCE . 

Oil to be used In most lubricating processes must be refined to remove unsaturated 
hydrocarbons, but the more an oil Is refined the lower Its lubricating quality. In the early 
days of refrigeration, oil used In this process was continuously refined until It was almost 
colorless. The COLOR of a good refrigerant oil ordinarily Is light yellow; this Indicates 
that most of the"Rydrocarbons have been refined without having lost their lubricating 
qualities. 

Refrigerant oils must be kept In sealed, chemically clean containers. Any lines or 
containers used to transfer these oils must also be chemically clean. Refrigerant oil left 
exposed to air for any length of time becomes contaminated due to the moisture absorbed from 
the surrounding «1r and cannot be used. Any oil that Is removed from a system should be 
discarded. NEVER reuse refrigerant oil In a system, always use new oil. Be sure that any 
containers froSTwhlch new oil Is taken are sealed Immediately after drawing out the needed 
amount. Whenever oil Is removed from a system, It should be checked for discoloration and 
odor. If either or both are present, It means that moisture Is present In the system and the 
moisture Is allowed to get Into the oil In a refrigeration system sludge or varnish will form 
which will cause damage to the unit. 

As was stated earlier, refrigerant oils are rated by viscosity to operate at certain 
temperatures. Because of this, you should check the technical manual for the particular 
system you are working on before putting oil Into the system. In this way, you will ensure 
that you are using the proper oil for the temperatures at which the system operates. 

In the event that you are unable to ascertain the recommended oil, the viscosity of 
oil Indicated In figure 2-14 may be used for most applications. 
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SERVICE CONDITION 



REFRIGERANT 



VISCOSITY 



Compressor temperature 
Normal 

High 

Evaporator temperature 
Above 0 F. 

0 F to -40°f 



Below -40°F 



Automotive compressors 



All 



Halogen 
Ammonia 



Halogen 
Ammonia 
Halogen 
Ammonia 

Halogen 
Ammonia 
Halogen 



150 

150/add1t1ves 

150/addltlves 
300 

300/add1t1ves 



150 

150/addltlves 
300 

150 

150/addltlves 
150 

150/addltlves 
150 

150/addltlves 
150 

150/addltlves 
500 



Fig 2-14. 011 viscosity, 

RCISE: STSdlS Sii uuVuSt! 0 "* and check your responses *' 1Mt tho " "«* " 

1 ^?•}Tffi g sa fl yila c,t,o " ln the maintenance ° f the 



2. Define viscosity of lubricating oil. 

' + 



3. List tht two principal methods of proper compressor lubrication. 



a. 



b. 



4. State the purpose of an oil separator m a refrigeration system. 



5. List the three main categories of refrigerant oils, 
a. 

b. 

c. 




Work Unit 2-6. SAFETY ANO FIRST AIO 

STATE THE PRECAUTION REQUIRED WHEN WORKING WITH HIGHLY TOXIC REFRIGERANTS. 

STATE WHAT SHOULD BE DONE TO A PRESSURIZED SYSTEM BEFORE OPENING THE LINES OR 
REMOVING PLUGS. 

SPECIFY THE TYPE OF TREATMENT PROVIDED IF REFRIGERANTS COME IN CONTACT WITH THE 
SKIN. 

Most refrigerants are nontoxic; however, all refrigerant gases are dangerous In the 
absence of oxygen or In high concentrations per given volume of air. Whenever gases or highly 
volatile liquids are used, make certain that the area Is well ventilated. R-12, /or example, 
Is In contact with an open flame when Investigating a leak with the hallde leak detector, 
Insure that you do not Inhale the fumes that are produced. 

Since many refrlqerants do not emit disagreeable odors, It Is highly possible to work 
In an area where there Is a considerable amount of refrigerant vapors without being aware of 
it Refrigerant vapors, when breathed, cause Irritation and conjesture of the lungs and 
bronchial tubes, often accompanied by coughing and vomiting. If enough refrigerant vapor Is 
breathed, suffocation might result. This occurs because refrigerants are heavier than air and 
they will replace the air In the area of the system. This Is very dangerous because If the 
air you breathe does not contain at least 19.1 percent oxygen, you would become unconscious. 
Whenever you are working around vaporized refrigerant gases, take time out regularly to 
brStS sSS fJesh air and allow ybur lungs to clear. Also, It Is very Important for you to 
wear a gas mask, If you are working on a system that Is known to contain a highly toxic 
refrigerant. 

Refrigerants, as they vaporize, will remove heat from any surface In which they make 
contact. If any liquid refrigerant comes Into contact with your skin, the exposed area should 
be treated the same as for frostbite. Remove the victim to the warmest available place. Do 
not handle the affected area. Immerse the affected area In warm, not hot, water for about 10 
minutes. If warm water Is not available, make every attempt to warm the affected area by 
using your body's heat. If possible, keep the affected area slightly elevated. Keep the 
affected area dry and the victim warm. Oo not rub or massage the affected area. Also, do not 
aoolv ice or cold water to the affected area. The victim must receive medical attention as 
soon as possible. REMEMBER , an Individual Involved in an accident Involving refrigerants 
should be Immediately taken to a doctor. 

For your own personal safety, ALWAYS wear goggles and gloves when working on units, 
especially when charging and discharging a unit or system. These Items will protect your 
eyes, skin, and hands In case of a sudden leak. 

Refrigerant oil contained In a hermetic compressor which has had the motor burned out 
may be very acidic. This oil should NEVER be allowed to touch the skin because It may cause 
an add burn. 

The follow1ng;is a list of safety precautions that you, as a refrigeration technician, 
should follow when working on a system or handling refrigerants: 

• Keep a gas mask at the entrance of an area In which there are known toxic 
refrigerants In the unit or system. 

• Keep refrigerant liquids and vapors away from your eyes and skin. 

• Whenever your are testing for leaks or transferring refrigerants, wear a gas 
mask and or goggles, depending on the type of refrigerant being used In the 
system undergoing repairs. 

• When handling chemical cleaning agents, ALWAYS wear goggles and rubber gloves. 

• Flame-type leak detectors should NEVER be used on systems that use any type of 
refrigerant other than the halogen^ype refrigerants (R-12, R-22, etc.). 

• NEVER use a torch or other open flame to heat a cylinder or a system that 
contains liquid refrigerants. 

• Store refrigerant cylinders 1n a cool, dry place. 
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So e f P t°l m e e: efrl9erant Cy11nd6rS 0 the d1rect ra * s of the sun for a long 
^."Mffii. ttt£J$,] iH refH9erant C >" nde ' S * nt 

♦BPofSSrS Jl-lsT 1 Pr6SSUre ° f " SySt6m t0 1 or 2 DS1 opening 
ALWAYS use a pressure gage to determine pressure In a system or unit. 
NEVER open a system when It Is In a vacuum. 

™» b. £xsrsg&* irsra^KSsi: usu "" •* the <°"°>«"> *»» - 

• Physical Injuries by mechanical means. 

• Electrical Injuries, 

• Burns and scalds. 

• Injuries form fire and explosions. 

• Disabilities caused by toxic gases. 

should NEVER be worn around moving machinery To"rjKild be k«t M^n*"' 1 -. 1 ? 0 " C l 0th1ng 

"»•«• 1 grounding thr^S ttf^n bS^S pSSff {".JJSd'iSiSlL'f JSH*!. ,n 
•re touched by melntenence personnel. ponmme it exposed electrical connections 

of tbe .fr r .r S :,"ib d . b p'.?tHi?:2 TSill Si ~i.T£ ^V'T "T tht ""'«'•»"'« 
nXEPC.SE. Jjs^tb. Jj;j«^ y dJ««1.n. end cheC „ p. „,„,« thK , )1sted „ 



2. 



•VSlS ZtZZ you ne d S o°f r ir r s e ;? Vln9 PlU9$ ° n 3 PreS " rl2ed «friB.«tl.n system 
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3. In the event that a liquid refrigerant come9-4n contact with your skin, how should 
you treat the affected area? 



SUMMARY REVIEW: 

In this Study Unit, you learned to Identify the primary and secondary refrigerants and 
their properties. You have learned the Importance of refrigeration charts and how to use 
them. You have also learned how to properly mark and store cylinders, transfer, and measure 
refrigerants, lubricants, and the safety procedures necessary when handling refrigerants. 

Remember, a primary refrigerant 1s one that acts directly on an area or surface even 
though 1t 1s 1n a sealed system. Some primary refrigerants are R-12, R-22, R-ll, and R-502. 
Primary refrigerants must be safe to use, they must accomplish the purpose that the system 1s 
designed for, and they should operate at pressures as close to atmospheric pressure as 
possible. 

A secondary refrigerant 1s an agent such as air, water, or brine. It must first be 
cooled by an external source and then circulated over the area to be cooled. Remember, a 
secondary refrigerant cannot be used 1n the primary system. 

Refrigerant charts are Important. With their proper use, they can save you a lot of 
time and trouble. You should know how to use them because they will tell you, at a glance, 
the proper refrigerant to use, the amount to use, the pressure at which they operate, and the 
amount of heat required to change the refrigerants state. 

The marking and storage of refrigerants (or for that matter any Industrial gas) are 
extremely Important. If Improperly marked or stored, Industrial gas cylinders can prove to be 
extremely hazardous to life and limbs. Remember the do's and don'ts of marking and storing 
refrigerants. 

Always use the proper method for transferring refrigerants from a supply cylinder to a 
service cylinder (drum). NEVER try to guess at the amount of refrigerant that you ar • in 
1n a cylinder. NEVER overTmTany refrigerant cylinder. 

Be sure that you are using the proper lubricant for the system and refrigerant. 
Lubricants are refined to different viscosities for use with refrigerants that op*r>*.3 at 
certain temperatures. Charts are available and must be used to ensure that the p ,j*r 
lubricant 1s used. 

Because of the pressures and temperatures at which refrigerants operate an" the tact 
that some refrigerants are toxic, all safety precautions must be observed. Be far.Har with 
the proper first aid procedures for overexposure to refrigerants, both gases and . .qu1b, in 
the event you are required to provide first aid to save a fellow Marine. 



Answer to Study Unit #2 Exercises 
Work Unit 2-1 

1. They are heat carriers. Which means, they absorb heat at a lew temperature and 
when compressed to a higher temperature, they release the absorbed heat to a 
cooling medium. 



a. 


Heat 


u 


Temperature 


C. 


Pressure 


8. 


FlammabllH 


b. 


Exploslveness 


c. 


Toxicity 


d. 


Stability 
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4. a. Boiling point 

b. Freezing point 

c. Mlsclblllty (Oil solubility) 

d. Critical Pressure 

e. Critical Temperature 

Work Unit 2-2 

1. Fluids used in air-conditioning and refrigeration mechanical system 

2. c. 

3. d. 

4. a. 

5. stability, pressures and temperatures 

6. d. 

7. c. 

8. -41 OF 

9. b. 

10. Soap solution, hallde torch, electronic leak detector 

11. Flushing agent 

12. 24 Inch vacuum 

13. -50.1°F 

14. reciprocating 

15. A low bo'?1ng point 

Work Unit 2-3 

1. 209.9 pslg 

2. 63.27 pslg 

3. 92.67 Btu/lb 

4. 0.4043 lb/ft3 

5. 108.33 Btu/lb 

6. 109.8 ps1a 

7. 860.14 pounds per hour 
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Work Unit 2-4 

1. personnel Injury and property damage 

2. a. Name of gas 

b. Proper handling precautions 

3. Weight 

4. 85% of Its capacity 

5. Ice and snow 

6. direct rays of the sun 

7. 120°F 

Work Unit 2-5 

1. To reduce friction resulting from moving components of the system 

2. Simply stated, It Is the thickness or thinness of the oil 

3. a. The splash system 

b. The force-feed or pressure system 

4. To return the oil to the compressor as soon as possible 

5. a. Paraffin base 
d. Naphthene base 

c. Mlxeu base (Paraffin and Naphthene) 

Work Unit 2-6 

1 Wear a gas mask 

2. Reduce the pressure In the system to 1 or 2 psl before opening the system. 

3. Treat the affected area as you would for frostbite. 
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STUDY UNIT 3 



REFRIGERATION SYSTEMS AND COMPONENTS 

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES. YOU WILL IDENTIFY VARIOUS 
REFRIGERATION SYSTEMS AND lilEIR MAJOR COMPONENTS. YOU WILL ALSO IDENTIFY THE 
VARIOUS FEATURES AND CONSTRUCTION OF THE COMPONENTS THAT COMPRISE THE COMPRESSION 
REFRIGERATION SYSTEM AND THE MAINTENANCE THAT THESE COMPONENTS REQUIRE. 

This study unit will describe and Illustrate various refrigeration systems, 
frlgeratlon systems may be classified 1n numerous ways; by the type of refrigerant control, 
tor control, compression system, absorption system and so on. It 1s Important that you 
icome familiar with the fundamental operating principles of the common systems described 
thin this study unit. The Illustrations contained within are not Intended to show the exact 
imponents and uses of actual units. Instead, they explain the fundamentals of construction 
id operation. For detailed Instruction and the actual uses of various units you should 
insult the appropriate technical publication for the Hem of equipment 1n question* 

irk Unit 3-1. REFRIGERATION SYSTEMS 

LIST FIVE TYPES OF REFRIGERATION SYSTEMS. 

NAME THE MOST COMMONLY USED REFRIGERATION SYSTEM EMPLOYED TODAY. 

LIST THE MAJOR COMPONENTS OF A MECHANICAL REFRIGERATION SYSTEM. 

The types of refrigeration system used by your grandfathers was, 1n all probability, 
i 1ce refrigerator, also referred to as an ICEBOX. see figure 3-1 using the 1ce system of 
*fr1gerat1on. The usual 1ce refrigerator was an Insulated box equipped with a holding area 
t the top for blocks of 1ce. Shelves for food were located below the 1ce compartment. These 
lelves were constructed so that air could circulate through the refrigerator. 




F1g 3-1. Ice refrigerator. 



3-1 
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As you have learnod e-sr11*r, heat 1s transferred from a higher temperature to a colder 
temperature. In the ICE refrigerator system, the Items placed 1n the storage area were of a 
higher temperature than that of the Ice; therefore, the heat was transferred to the ice. 
notice the dark arrows 1n figure 3-1. Cold air would flow downward, notice the light arrows 
1n figure 3-1, from the 1ce compartment, and cool the Hems 1n the storage area. The cool air 
would absorb the heat from the 1t*ir,s stored and rise from the bottom of the box, up the sides 

!Hh «$,,«tn!i h ? t b ? x 5°. th ! 1ce com P ar ^ nt . over the 1ce, giving up the heat that was absorbed 
and returning 1t to the storage are* to repeat the cycle. 

«# inJ5 e 4 ice *! yS J ei I! *f by S'L 1 ** si »» lMt s * stein °f refrigeration, it has the advantage 
of maintaining the Interior of the oox at a fairly high humidity. Foods stored 1n this tyj* 
of refrigerator do not dry out rapluly. Temperatures Inside an 1ce refrigerator are 

SWffl.?#tartSW? tSSJtilZ&WSfoT"" «~1 of 

Another simple refrigeration system 1r, the EVAPORATIVE system. You have learned 1n 
the previous study units that as a fluid evaporates as it absorbs heat. Evaporation of water 
is a good example. This 1s why you perspire. The evaporation of moisture from your skin 
surface helps to keep you cool. Another very good example of this 1s rubbing alcohol, if you 
were to rub the back of your hand with rtbblng alcohol 1t would feel cool to you. This 1s due 
£2JT , £ ,- i*3 i ebbing alcohol absorbs the heat from the area iS which It came nto 
contact. Any substance 1n which the heat Is removed will feel cool or cold. 

■ncccoT £SX h 2 pS Th2 U J have * e ? per J enced J anot [? er comon »PPH"t1on of th's principle known as the 
"DESERTBAG.- The desert bag 1s used to keep drink, ng water cool. Ti.e bag 1s constructed of 
a tigntiy woven material. Once 1t 1s filled with water, some water will seep through since 
the bag 1s not waterproof; thus, the outside of the bag will be moist. Under certain 
conditions, primarily 1n the desert, where 1t 1s usually hot and dry, the moisture on the 
surface of the bag evaporates rapidly, thereby keeping the water Inside cool. In certain 
parts of the world where these conditions exist dally, drinking water must be cooled or you 
would not be able to drink 1t due to Its extreme heat content, since surface water 1n the 
desert sometimes reaches 130° to 150° Fahrenheit, the desert bag 1s a convenient method 
which 1s used to cool drinking water. 

DRY ICE refrigeration system consists of blocks and/or slabs of solid dioxide, which 
are made in various shapes and sizes to be used to absorb heat. Dry 1ce (solid carbon 
dioxide) changes directly from a solid to a vapor without changing to a liquid state prior to 
vaporization. It 1s, therefore, said to sublime. Sublime means "to convert a solid substance 
liquefaction • aP0^, Wh1Ch ' 0 " coolin9, condenses a 9 a1n to a solid form, without apparent 

.. u .wc u, Dry 1" Sh0 ? ld be handled w1th bare nands - " w111 cause Instant freeze burns. 

ALWAYS wear heavy gloves. Normally, dry ice 1s stored 1n heavily Insulated material to 
prevent you from coming Into direct contact with 1t. 

Figure 3-2 shows a common method of using dry 1ce as a frozen food refrigerating 
device. A good example of this 1s during the summer camping season when dry 1ce 1s used by 
campers to keep perishable foods from spoiling during the trip. The dry 1ce 1s usually packed 

Mi^eSSal^iMiSl^w 0 ? *%• ?f* or . s1d S s of J he P«r1«hable Items or the Item to be kept 
cold. Carbon dioxide (dry ice) as 1t absorbs heat, changes to a vapor and keeps the Items of 
food cold. The dry vapor tends to replace the atmospheric air 1n the storage container which, 
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Fig 3-2. Dry 1ce refrigeration system. 



The third refrigeration system that you will learn 1s called the ABSORPTION system. 
The absorption system 1s unique 1n that, through the use of a flame, 1t removes neat from a 
compartment, and the moving parts of the system are a few valves and cages. This principle 
was first discovered 1n 1824 by Michael Faraday. Faraday was conducting experiments trying to 
liquefy certain "fixed" gases (gases which could only exist 1n vapor form). Among these gases 
was ammonia. Faraday knew that silver chloride, a white powder, had the peculiar property of 
absorbing large quantities of ammonia gas; therefore, he exposed the silver chloride to dry 
ammonia gas. After the silver chloride had absorbed all the gas 1t could, he sealed 1t 1n one 
end of a test tube shaped like an Inverted "V." He then applied heat to the end containing 
the sliver chloride and ammonia and placed the other end 1n cool water, see figure 3-3. The 
heat released ammonia vapor and drops of colorless liquid began to appear 1n the cool end of 
the tube. This was the first time liquid ammonia was produced. Faraday continued the heating 
process until enough liquid ammonia had been produced. He then removed the flame and water so 
that he could observe the characteristics of the liquid ammonia. Almost immediately the 
ammonia started to boll vigorously and change back Into a vapor. As the ammonia changed to a 
vapor, the silver chloride began to absorb 1t once more. Faraday touched the end of the tube 
containing the boiling liquid and was amazed to find that 1t was Intensely cold. The ammonia, 
1n changing from a liquid to a vapor, had extracted heat from the nearest thing at hand, the 
test tube Itself. Ever since Faraday's experiment, men have used several different chemical 
combinations 1n an effort to Improve absorption systems. 

These efforts have resulted 1n two types of absorption systems, SOLIO and LIQUID , As 
the names Imply, the solid system uses a solid as the absorbent and the liquid system uses a 
liquid. Of the two the liquid system 1s or rather was the most popular. 

The liquid system, which was used 1n the Marine Corps many years ago, was water and 
ammonia, water acting as the absorber and the ammonia as the refrigerant. In this 
water-ammonia system, 1t 1s necessary to Include a third Ingredient to create a partial 
pressure to allow the ammonia to evaporate at a low pressure. Dalton's law, which explains 
the necessity of the hydrogen, states that: the total pressure of aases 1s the sum of the 
partial pressures created by each gas 1n the mixture (Pi + P? ■ Pt). The law further 
explains that each gas behaves as 1f 1t occupies the space alone. For example, 1f you had a 
container containing 20 ps1g (Pi) of oxygen and 30 ps1g (P 2 ) of hydrogen, the total 
pressure 1n the container would be 50 ps1g (P t ); and the hydrogen, that 1s lighter than the 
oxygen, would rise to the top of the container. Hydrogen 1n the water ammonia system acts the 
same way. It mixes with the ammonia vapor and creates the additional pressure 1n the 
absorption system's evaporator and then returns to a hydrogen storage tank. 
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Fig 3-3. Faraday's experiment. 



Some of the components of the absorption system are quite similar to those that win 
be covered In the mechanical compression system. The condenslna col receiver? and the 
evaporator are much the same. However, the compressor Is rep aced Jy a heate? or burXr and 
l™m)° r ' R6fer t0 fl9Ure 3 ' 4 f ° r the 1dent ^" t10n of the compoSen?s in the abSS^on 

The WATER-AMMONIA absorption system Is the s1mple.it of all absorption systems. This 
particular system requires no moving parts; however, the r.ternal pressures are Jul high 
they read as much as 200 psl, which means that the construction must be extremely rugged. The 
S B 7 a ded Cl0 2 ed and 1s « before, a sealed system. Some absorption iystem^inc ude 
metering devices such as expansion valves, thermostats, and gas flow regulators. Exoans on 

t V h a 0 « , u«d a ?„ a Jh S 2 r ^2 n re us ?2 for the same P urpp « almost JdentkSrto 

those used In the mechanical em. Thermostats and gas "Ion requlators are used mainlv f n * 

t^^X'l^i' : s and for contro1 of *"« tKystSn? sSme aosS^t Jn^" 
systems include automatic defrost equipment which 1s similar in design and operation to that 

StSs the refrSjera" f?Jw ° therS are dafr ° Sted by tUrn1n9 off " he heat " h1ch 
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Fig 3-4. Water ammonia absorption system (Servel). 



As you learned In previous study units, the Job of the refrigeration cycle Is to 
remove the unwmted heat from a particular area and discharge It Into an area where It Is 
unobjectionable. 

The VAPOR COMPRESS ION refrigeration cycle Is the most common method of heat transfer 
used today by the refrigeration Industry. There are FOUR major components in the compression 
system of refrigeration: EVAPORATOR , COMPRESSOR , CONDInSFR , and the REFRIGERANT FLOW CONTROL 
DEVICE (metering device). 

An understanding of refrigeration theory will make It clear that wherever the 
production of low temperatures Is Involved, the same mechanical process must, In general, be 
employed. As a result, the units that comprise these various systems are quite similar In 
type and operation. Whether the system Is designed for air conditioning or for the 
refrigeration of foods In the home, freezers, or cold storage plants, equipment such as 
compressors, evaporators, condensers, and refrigerant flow controls will be present. 

Figure 3-5 Illustrates a simplified refrigeration system. By applying the theory of 
latent heat and pressure differences,, you can see how low temperatures are produced. This 
Illustration may be applied to any refrigerator regardless of the size or shape. 

Every system Involves a cycle of one kind or another. You will trace the entire cycle 
step by step. 



O 1 
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Fig 3-5. Compression system. 



Referring to figure 3-5, let's trace the cycle 1n the compressio n system. As the 
piston moves down In the compressor, low-pressur e gas is emitted through the va l v e to fill up 

iJnlH Jnlr.** L h M? 1St0n f tarts up « crP'*" 10 " takes place because the gas 1s forced Into 
a smaller space. As the gas 1s compressed, heat of compression 1s added. At the top-most 
position of the piston, the gas 1s forced through the exhaust valve Into the condenser. The 
gas is at its highest pressure. The condenser 1s a series of tubes surrounded by a cooling 

nfJlTh-'i ^D e Vi! r 2 r 2 ater * , te the gas 1s forced thr0U9h the tubes, the heat of compression 
plus the latent heat of vaporization from the evaporator 1s dissipated Into the surrounding 
cooling medium. " 

The removal of heat causes the gas to condense to a high-pressure liquid. This liquid 
flows into a receiver, which 1s merely a storage space, and moves up the liquid line to the 
expansion valve, where the pressure of the liquid 1s reduced. As a result, It absorbs heat 
through the walls of the evaporator, lowering the temperature of the compartment to be 
cooled. As the liquid bolls, which 1s caused by the heat picked up from the cooling 

5w a f«51h 1* $H angeS int0 8 low .-P ressure 9«- This low-pressure gas now enters the suction 
line leading to the compressor. The cycle 1s now complete. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the the end of this study unit. 

List the five systems of refrigeration. 

a. 

b. 

c. 

d. 

e. 

2. What 1s the most common refrigeration system employed today by the refrigeration 
industry? ■ 
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I. Kit tNo foor Mjpr coflpontflti of a aocnaMtal rofrtgoratlon tytto*. 



a. 

c. . _ 

4. 

mn u*it wPHifi^ 

list m ^(mrtucfion features or a reciprocatiw compressor. 

• HEN VARIOUS NOTARY AM CENTRIFWAl COMPRESSOR FEATURES, MATCH EACH CONSTRUCTION 
FIATUNE UITM tlTHCR THE ROTARY OR THf CENTRIFWAL COMPRESSOR. 

STATE THE CONSTRUCTION FEATURES OF A HERMETIC COMPRESSOR AND DIFFERENTIATE BETWEEN 
THE HERMETIC AND SEMlHERNETIC COMPRESSOR. 

IDENTIFY VARIOUS COMPRESSOR MAINTENANCE PROOLENS KITH THEIR PROIARLE CAUSES AND 
REMEDIES. 

STATE HON TO TM0UKESM0OT HERMETIC SYSTEMS. 

STATE HON Tb TEST CAPACITORS AND RELAYS. 

TNo COWRISSOR it a vtry Important part of tNo coaptation %y%tm. It ft • dovtco 
Uat c oMpro i tot fiS, mi tU fWoctto* it to rotov* Ut Hoot»1a4ofl 91s fro* tho ovaporator and 
rotto tNt toapotatoro of tut fit oNovo tNat of tNt cooH*g miim. Not oil rofrlporattofl 



tyato«t fHitrt tkt mm tyoo of coaproator. Som tytto« rtqatro a aaull vol mm of 
rofrlooroot to NO fM wltt 0 MpN dlfforooco 1ft tolot and ootlot protturo. TMt dlfforonco 
1t allot IIFFPENTIAL . Um tntOM ro*tro 0 Uroo vol mm of 901 aovod with a mm 11 
arottoro •irnroMirrr TNo oppMcottoo and to ap orobro ra*ft dUUto tho typo of coaprottor 
to ooo. TNo Uroo MJor tmt of coaprottort trot RECIPROCATING ROTARY (both of thoto 
cupnmro oro poottlvo dltplocoaoot typot), and Cll 111 HEAL, 



TNt coapronor Rot too foocttoot trltntn tNo tyttoat 



• Rocolvlof or roaovtof tNo rofrlftraot vopor fro* tho ovaporator, to that 
dot trod prottoro oad toaporotvro con to aalntaUod. 

• l*crooa1*f tNo prottoro of tNo rofrlftroot vapor tHroopN tNo procott of 
coaptation, mi ttaoltoooooaly locftaatnf tNo toaporotvro of tho vapor a 
tNat It orll 1 ftvo op Its Root to tNo coodootor cooHof aodlua. 





fi% Nocfprocottftf coaprottor. 

S3 
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double ACTtEfi iELi2L»!i! c °\? ec P roc ? t1n 9 compressors; SINGLE ACTING (vertical) and 
i£fti/2i l lJ or, f ont «' • J* vertical reciprocating compressor Is normally an enclosed 
type in ynlch the piston Is driven directly by a connecting rod, which 1s moved by a 
crankshaft. Both the crankshaft and connecting rod are enclosed In a crankcase that 1s 
pressure tight to the outside, but open to the refrigerant. 



■i^ma^LvmLmm^m)i^amte 

SSSsffiT 





ESP* 





Fig 3-7. Operating cycle of a reciprocating compressor. 

i , Horliontft compressors usually use crankcases that are vented to the outside, but 

2? my J t **"^I e ^ rl9 ?:? nt - In th1s construction the piston 1s driven by a p!ston rod 
cEKSft! croMhiid *. Th1 * crosshead Is moved by a connecting rod that operates off a 

The reciprocating compressor Is highly adaptable to various designs, types, and numhei 

SiJSSTS ?IiS2!!! -irt - * The n "* W 01 Cy,1n5erS may var * ^om one tJ'll^d'may be 
arranged in the following manner: 

• Inline. If all the cylinders of a compressor are arranged 1n one straight 
lint. It is called an Inline compressor. 

# i&LJ^^iUK 0f l h ll HS* m wiU form the 1etter " v " w1th the crankshaft 
located at the bottom of the "V." 

• gfiditl. A radial compressor has all the cylinders located around the 
cranks haft • 

* \ t 1? type c0 «P ress ° r ha * three banks of cylinders on a cornnon 
crankshaft* 

The bodies of compressors are made of close grained cast iron In one- or two-olece 

^^12": T ?L tw0 ^ ece construction has the crankcase and cylinders cast separately? 

o?!ad°or1aial2 %7l2J ^V""?" the "* Th1s the remSval "d replacement 

ofbad or damaged cylinders. The one-piece compressor Is cast In one block with a baseplate 

SS e ^ C I! nkC * Se * C °T" eSSOr bod1es can b « of the OPEN, SEMI-HERMETICT or HERMETIC tff 
! ^ compressor has the crankshaft protrudlngTrom the compressor bo dy. T he s haft is 

turned by a pulley, belt, and motor. Refer to figure 3-8 for an eximple of m ooen tvoe 
compmsor and to figure 3-9 for an example of the hornet 1c reciprocating compVetSr. 

valve .JSL2^t° f ?) $ ^ refr1 9erat1on compressors Is determined by the particular 

vaive arrangement, if the suction valve 1s located In the top of the piston. It is called a 

S3S2T Jf'S* JlSn'Slr <V\ h \ s Ji 0 « p \ ss through the > 1sto " S» p S5't2 co«pr a e»?on a 

C ..i^^ , i f "Ctlon valve Is located In the cylinder head, the plug-type piston is 

tM ^u.l'^l^r""" th ? p1s f°" s are Piston or compression rings, while 

the smaller compressors use only oil grooves. 
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I. tlfhtglaii 4. Comprtttor oil tight glatt 

I. ComprotoorpuUty 6. Bolt and nut 
I. ComprtiMr 6. Drlvt btltt 

F1g 3-8. Open-type reciprocating compressor. 




F1g 3-9. Hermetic reciprocating compressor. 



Crankshafts are made of drop-forged chrome-nickel steel alloy and are carefully 
balanced. Some compressors have eccentric crankshafts, which allow for better balancing and 
less vibration at high speeds. The smaller connecting rod bearings "are usually made of 
bronze, while the larger connecting rod bearings are usually of the Insert type. In the 
eccentric type, the entire eccentric strap 1s normally made of bearing bronze. 

The three most common types of compressor valves are the POPPET . RING , and REED . The 
poppet valve 1s used on large, slow-speed compressors. These*valves are too no1sy,""Reavy t and 
cumbersome for use 1n the modern, highspeed compressors. High speed compressors use the reed 
valve or the ring valve. These valves are made of high grade, spring st i. Some of the 
valve shapes are Illustrated in figure 3-10. 
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F1g 3-10. Compressor valve shapes. 

Some compressors have the suction valve located 1n the piston, but the normal trend 1s 
toward locating both the suction valve and the discharge valve 1n a VALVE PLATE . This valve 
plate 1s located between the compressor body and the compressor head" This arrangement 
permits the replacement of both valves with minlnum difficulty. The suction valve 1s located 
on the bottom of the valve plate, and the discharge valve 1s located on the top of the valve 
plate. The discharge valves are spring-loaded for safety. If a surge of liquid 1s drawn Into 
the compressor, 1t cannot be compressed. A larger opening 1s needed to allow the liquid to 
move through without damage to the compressor. This larger opening 1s provided by the 
spring-loaded discharge valve. 

Some refrigeration compressors are driven by external electric motors or gasoline 
engines. This requires the crankshaft to go through the boay of the compressor. The 
compressor body contains refrigerant gas and oil that must not be allowed to leak between the 
body and the shaft. Also, air and moisture must not be allowed to je drawn Into the 
crankcase. To prevent this leakage, a shaft seal 1s used. The most common shaft seals used 
on open-type compressors are the rotating bellows , stationary bello 'S , and dlaphragn . Refer 
to figure 3-11 for a cutaway view of the open-type compressor. 
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VALVC 
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F1g 3-11. Cutaway view of a open-type compressor. 

The ROTARY COMPRESSOR compresses the gas by a squeezing action, which results 1n the 
gas being reduced In volume and Increased 1n pressure. This compressor has very few moving 
parts and can be manufactured rather Inexpensively. Although small rotary compressors have 
been used 1n small domestic units, the large rotary compressors are used extensively 1n 
Industrial low temperature applications. There are basically two types of rotary compressors; 
the compressor blade and the rotary blade . 
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The rotary compressor with the stationary blade consists of a cylinder, a roller, and 
a shaft. The shaft has an eccentric on which the roller 1s mounted. A blade 1s set Into the 
cylinder so that It maintains contact with the roller. The blade 1s held in place against the 
roller by a spring. The suction and discharge ports are on opposite side* of the blade. 
Figure 3-1 2 Illustrates a stationary blade rotary compressor. 




Fig 3-12. A stationary blade rotary compressor. 



The rotary compressor with a rotating blade consists of a cylinder and a rotor 
containing a number of blades. The center of the rotor 1s eccentric with the center of the 
cylinder (see fig 3-13). In some designs the blades are spring-loaded to hold them against 
the cylinder, while others depend on centrifugal force. These compressors are generally 
operated at motor speed 1n order to reduce the size of the unit. 



SUCTION PORT 




Fig 3-13. A rotating blade rotary compressor. 



The CENTRIFUGAL COMPRESSOR , as Its name implies, compresses the gas by centrifugal 
force. It 1s used with refrigerants that have a relatively large gas volume but small 
pressure differentials. Although 1t has a high boiling temperature, refrigerant R-ll usually 
satisfies these requirements. 

Centrifugal compressors are normally constructed with a series of Impeller wheels 
mounted on a steel shaft and enclosed 1n a cast-Iron casing. Most centrifugal compressors 
have from two to four Impeller wheels. These wheels are constructed with two discs (a hub and 
a cover), with many blades (vanes) mounted radially between them. They are made of stainless 
steel or a high carbon steel with a lead coating to resist corrosion and erosion. Refer to 
figure 3-14 for the operating cycle of a rotating blade rotary compressor. 
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F1g 3-14. Operating cycle of a rotating 
blade rotary compressor. 



Hermetically sealed compressors are basically built like the open-type compressors, 
except the compressor and the motor are enclosed together 1n an airtight housing. There are 
two types of enclosed systems: the hermetic compressor and the sem1-hermet1c compressor. The 
hermetic compressor has a welded case that makes 1t almost Impossible to repair by the 
refrigeration technician. The semi -hermetic compressor has a bolted case that can be 
disassembled for repairs. One big advantage to the hermetic compressor over the open 
compressor 1s that it does not require a shaft seal to prevent the entrance of air and the 
leakage of refrigerant. 

The hermetically sealed reciprocating compressor consists of a cylinder and head, a 
piston and connecting rod, Intake valves, exhaust valves, flywheel, and crankshaft. They may 
also have service valves and suction strainer. Because the compressor 1s operating 1n a 
closed environment where the temperature range 1s rather narrow, clearances as small as 0.001 
Inch are possible between the moving parts. 

The piston may be driven 1n a number of ways. In one of these ways, the crankshaft 
may oe like the kind used 1n automotive engines. Another type uses an eccentric crankshaft 
which operates like a cam. Still another 1s the scotch yoke mechanism, which uses a pin 
mounted off-center to the crankshaft. A sliding member Inside the piston permits the rotation 
of the pin to be translated Into an up and down motion. Variations such as these are possible 
because the gases being pumped do not produce heavy bearing loads. The piston 1s made to come 
as close as possible to the head without touching. Clearance may be as little as 0.01 Inch 
from the top dead center. 

Exhaust and Intake valves are usually thin disks of steel that seat against shoulders 
1n the valve plate. These valves are sometimes called FLUTTERS or REED valves. Pressure 1n 
the cylinder closes the Intake valve and raises the exhaust valve on compression. On the 
Intake stroke, pressure 1n the suction line opens the Intake valve, while back pressure from 
the h1gh-s1de closes the exhaust valve. Valves are designed to operate at a maximum 11ft of 
0.10 Inch. Beyond this point, the valves get noisy. 

Fewer moving parts and less vibration are the advantages of the rotary compressor, 
which 1s made 1n two styles. One style uses an eccentric shaft with a blade which 1s forced 
against the shaft by a spring. The blades slide back and forth 1n a slot 1n the case, 
between the Intake and exhaust. As the shaft turns, 1t traps a gas charge at the Intake and 
sweeps 1t arouno to the exhaust. 011 makes the seal for the blade so that the gas will be 
compressed. 

In another style of rotary compressors, vanes are mounted 1n slots on the shaft. The 
shape o f the case around the vanes 1s eccentric. Centrifugal force holds the vanes in 
continuous contact with the eccentric wall. The Inlet port 1s located in the wall farthest 
from the shaft, at the spot where a gas charge 1s picked up between two vanes. As the shaft 
turns, the space between the shaft and the wall becomes smaller, compressing the charge of 
gas. The exhaust port 1s set In the case where the shaft almost rubs against the case. The 
compressed charge of gas 1s forced out the exhaust port at this point. 
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The exhaust valve Is a flapper type made of spring steel, A muffler Is placed In the 
high-pressure line to suppress the popping noise that accompanies the release of a gas 
charge. The suction line has a check valve to prevent gas from leaking back when the 
compressor Is stopped. The suction strainer prevents dirt particles from entering the 
compressor. 

When the compressor falls to work properly, the system will not do the job for which 
1t was designed. This results In loss of food, damage to equipment, or discomfort to 
personnel, thus creating an added expense to Marine Corps operations. 

One of the most common symptoms of a defective compressor Is noisy operation . This 
could be caused by a loose pulley, worn or damaged pistons, worn connecting rods, or Improper 
lubrication. Normally a loose pulley only requires tightening, while defective pistons or 
connecting rods require a complete overhaul. Improper lubrication, If found In time, would 
normally only require the addition of oil. One Important requirement before adding oil Is to 
check for leaking gaskets or shaft seals. 

Another symptoms Is a high suction pressure . If this Is noticed, the most likely 
cause Is a leaking suction valve. To check for leaking suction valves, front seat the suction 
service valve and observe the low-side manifold gage. If the compressor cannot pull this 
small volume down to 20 Inches Hg, the suction valves are defective. This can be corrected by 
Installing a new valve plate assembly. If a new plate assembly 1s not available the old valve 
plate can be lapped. If a low head pressure Is noticed during operation, the most likely 
cause Is leaking discharge valves. A new valve plate assembly Is also required for the 
malfunction. 

Another Item to check Is the drive belt . Inspect Its tension and allnement , The belt 
may be checked by turning the unit off and by placing your finger on the center of the belt. 
If th* tension Is correct, you should be able to move the belt up and down approximately 1/2 
inch on small units and 1 Inch on large units. The tension of the belt Is very Important , 
since loose belts will slip and wear very quickly, and belts that are too tight will stretch, 
weaken, and eventually break. The allnement of the flywheel and motor pulley are also very 
Important for good operation. All belts should run straight and true without vibration. 
Check to make sure that the motor shaft Is parallel with the compressor shaft. 

The sealed system preferred for freezers and refrigerators is called a CLOSED or 
HERMETIC system, because the shell that contains the motor and compressors Is welded shut. 
The motor leads pass through a glass Insulator, which Is bonded to the metal to Insure a Joint 
that will never leak. As was stated earlier, the one big advantage of a hermetic compressor 
is that there are no mechanical seals to develop leaks. This eliminates at least one 
trouble-spot from the system used In domestic refrigerators and freezers. However, as you 
know, there are still enough other trouble-spots to keep a service technician busy. 

The best troubleshooter puts his brain to work before reaching for the toolbox. The 
first step you must take on the job, should be to question the user. Ask, for example, these 
things: 

• When did you first notice this trouble? 

• Is this condition intermittent, or Is It continuous? 

• Does this just happen when a heavy load Is placed on the unit, or all the time? 

The answers to such leading questions should enable you to determine whether the trouble Is 
being caused by misuse or malfunction. By eliminating outside factors at the beginning, you 
will know that you are dealing with a fault In the equipment Itself. After this, consider the 
possible electrical troubles FIRST , as they can usually be checked easily and quickly. 

There Is a logical sequence for making teste on the electrical system. The first 
check seems so simple that It Is often overlooked. Check to Insure that the unit Is TURNEO 
ON. Remember, the unit cannot operate without electrical power. A quick reference for cannon 
faults Is given In figure 3-15, together with the possible causes, and their remedies. Such a 
troubleshooting chart 1s most useful, since it presents a great many facts In a small place. 
This Information can be found, In greater detail, In the technical manuals for each piece of 
equipment as there Is variation from type to type. 
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ELECTRICAL TROUBLES (HERMETIC UNITS) 



FAULTS 


CAUSE 


REMEDY > 


Will not run. 


No power. 

UCI 6W* 1 VC l»UCI IIIU9 tQt* 

Defective defrost switch. 
Defective defrost timer. 
Open overload protector. 
Open relay coil. 
Open motor winding. 


Close circuit or repair open. 

Reol ace 

Replace. 
Replace. 

Reset or replace. 
Replace relay. 
Replace compressor. 


Runs noisy. 


See mechanical troubles. 




Short -cycles 
and runs noisy 


Relay contacts not 
operating. 
Short circuit or 
grounded motor winding. 


Replace relay and check 
capacitor and bleeder resistor. 
Check and replace 
compressor* 


Unit trips circuit 
breaker or blows fuse. 


Short circuit or 
ground. 


Check out electrical system/ 



*Note : If a fault causes a ground 1n the box, you can be fatally shocked by 
touching the refrigerator or the freezer chest! 



F1g 3-15. Electrical troubles. 



In addition, you sometimes find the solution to a problem while studying a troubleshooting 
table, even though the specific fault does not appear 1n the table. Often, 1n fact, a common 
fault 1s passed by because 1t seems too obvious. The service person may think that a common 
fault 1s to easy and could not possibly be the trouble. DO NOT prejudge; Instead, make 
reasonable N guesses N from what you see and from the trouble chart, then test to find out. In 
the following paragraphs, you will be given a detailed explanation of common troubles to be 
found 1n the electrical system. 

Check the source of power for voltage to the unit. HOW? With a voltmeter or a 
multimeter! In the case of a refrigerator, open the door. If the light does not come on, 
there are several possibilities: (1) the power circuit is Incomplete to the unit; (2) the lamp 
1s burned out; (3) the door switch 1s defective; and (4) the circuit to the unit may be good, 
but the wires to the lamp and the door switch are broken somewhere in the box. If the lamp 
lights, you will know that there 1s power to the unit. However, check the voltage wUh an 
accurate voltmeter when you suspect low voltage. REMEMBER , the voltage may vary 10 to 15 
volts with changes 1n the load during the day. Most units will not Indicate problems unless 
the voltage drops below 105 volts. 

Make sure that the power cord 1s disconnected before making a continuity test on the 
protector. With an ohnmeter or a DC-powered test lamp check for a continuous circuit through 
the overload protector. If 1t tests OPEN , you have found at least one trouble spot which will 
prevent the compressor motor from operating. Replace the defective overload protector and 
check the unit for normal operation. Many compressors have the overload protectors located 
Inside the shell. A distinctive label on the compressor 1s used to Indicate an internal 
mounting. Placing a protector Inside the shell has the effect of extending the cooling period 
after an overload trip. REMEMBER , when checking an overload protector mounted inside, allow 
the compressor sufficient time to cool so that the protector has a chance to automatically 
reset Itself. How long 1s H suff icient time"? When you can rest your hand comfortably ™ the 
shell, the compressor should have cooled enough for you to make a valid test of the overload 
contacts. 

Check, too, all control switches for proper operation, since one open switch will 
prevent the unit from operating. Such Items as thermostats, defrost controls, and freezestats 
are all designed to open and close the primary circuit. REMEMBE R the function of the Item you 
are checking, because an open circuit may not mean that the device 1s defective. A thermostat 
should show an open circuit 1f the feeler bulb 1s colder than Its operating point. A defrost 
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control will be open 1f the time 1s 1n the defrost cycle* Some defrost systems have a reset 
which Is actuated by an Increase 1n temperature above a set point. A freezestat will show an 
open circuit when 1t senses a temperature lower than Its operating point. You can check the 
operation of a device by raising or lowering Its temperature. Check a thermostat by placing 
the feeler bulb 1n a glass of 1ce and water. Connect an ohmmeter or test light across the 
contacts so that the time of opening and closing can be observed. Place a thermostat 1n a 
glass of water and read Its temperature at the time the contacts open. Remove the 1ce end add 
warm water slowly till the contacts close. Again, read the temperature of the water. Replace 
the thermostat 1f 1t does not conform with the manufacturer's specifications. 

A hermetic system can be checked quickly with a motor-stat analyzer, see figure 3.16. 
It will check for continuity 1n motor windings, for shorted windings, and for grounded 
windings. It can also be used to start a motor or to reverse the direction of rotation. The 
analyzer contains capacitors which can be used 1n the motor circuit to Increase Its starting 
torque. Higher starting torque or momentary reversing are two ways of unlocking a compressor 
which for some Internal reason cannot be started normally. When an analyzer 1s not available, 
plug the refrigerator cord Into an outlet and test for voltage at the terminal block where the 
cord terminates. There should be voltage at the terminals 1f the cord 1s good. If the motor 
runs, you should use a clamp-type ammeter to check for correct motor current. Next, you must 
unplug the cord and make some continuity checks with a test light or an ohmmeter. Unless you 
are familiar with the electrical system, you will need a wiring diagram for the unit that you 



Some compressors have an electrical heater 1n the crankcase to prevent condensing of 
the refrigerant during the off cycle. Liquid refrigerant can cause slugging and damage the 
compressor. Be sure of the type of motor used before you attempt to trace the motor circuit. 
Determine what type of relay (hot-wire, current, or potential relay) 1s 1n the unit. After 
you have checked the diagram and understand the circuit, you will be ready to check out that 
specific motor. 

For the purpose of our explanation, refer to figure 3-17, which Illustrates the 
circuit for a potential relay. You will use the compressor motor circuit shown 1n figure 3-17 
to Identify the motor's terminals 1n the following discussion. Make a continuity check 
terminals "C" to M S" and between '»C M and tt R M . A test lamp should light normally 1n each case, 
1f the windings are good. An open circuit 1s Indicated when the lamp fulls to light. Note 
that this test 1s valid only 1f direct current 1s used to energize the test light, if 
alternating current 1s the only power available for the test lamp, the common connection at 
"C M must be disconnected, otherwise, the closed contacts of the relay and the capacitor will 
make a complete circuit. Disconnecting »C" is net necessary when checking with an ohmmeter, 




F1g 3-16. Motor-stat analyzer. 
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because 1t uses direct current from self-contained batteries. The reason 1s that a capacitor 
blocks direct current, while 1t allows alternating current to flow. 



To test for a grounded motor winding, check from terminal "C" tt an unpalnted part of 
the compressor-motor shell. Use an ohnwneter to measure the resistance of the motor windings 
to test for a shorted coll. Readings should compare to the specifications of the manufacturer. 

A severely shorted col 1 would be Indicated by tripping of the branch circuit breaker 
or by blowing the fuse when the unit 1s plugged Into the voltage outlet. If tests Indicate 
that the motor windings are at fault, replace the hermetic unit. If the motor runs but 
overheats during operation, a current draw test with a clamp-type ammeter will give you an 
Indication of condition. Motor current should be within 10 percent of the name plate rating 
on the unit. The name plate may give two amperage figures, such as FLA 3.6 and LRA 18.0. The 
FLA stands for "full load amperage, " while LRA stands for M locked rotor amperage. M If the 
current exceeds the name plate rating by more than 10 percent, 1t 1s considered 
unsatisfactory, and the hermetic unit must be replaced. A motor drawing Its LRA rating 
Indicates that the rotor 1s not turning. Conditions Inside the sealed unit will also be 
Indicated by unusual vibration and noises. Figure 3-18 shows some of the most common 
mechanical troubles. Most problems that occur are due to a faulty hermetically sealed system 
requiring a complete replacement of the compressor. 
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F1g 3-17. Potential re^ay circuit. 




3-16 





MECHANICAL TROUBLES (HERMETIC UNITS) 




Fault 


Causes 


Remedy 


Falls to run 


Locked rotor. 


Rep a Ice compressor. 


Falls co cool 

or runs continuously 


Broken valves 
Restrictions: 
* kink or pitch. 

- moisture. 
Low on charge. 


Replace compressor. 

Cut out and 
replace. 

Dry and recharge. 
Find leak, repair, 
and recharge. 


Vibration. 


Loose motor mounts 
Loose tubing mounts. 
Shipping bolts Installed. 
Uneven floor. 


Tighten. 
Tighten. 
Remove. 
Adjust feet. 


Noisy compressor. 


Defective part (Internal)* 


Replace compressor. 


Lost charge 


Punctured coll or leak. 


Repair and recharge. 



Fig 3-18. Mechanical troubles. 



In the following you will be given two methods for testing a capacitor, when the 
capacitor can be disconnected from the circuit and the bleeder resistor, a reasonable test Is 
to charge and then discharge It with Its normal voltage (not over' 120 volts). Charge It by 
momentarily applying voltage to Its terminals. Then use a piece of Insulted wire to 
short-circuit the terminals. A hot spark Indicates that the capacitor Is able to hold a 
charge. Some, capacitors have a bleeder resistor of between 15,000 ohms and 30,000 ohms which 
Is In the forto of an Integral part that cannot be disconnected. This type of capacitor may be 
checked by connecting an ammeter and a 10-, 15-, or 20-amp fuse In series with the capacitor. 
Apply 120 volts to the capacitor just long enough to read the ammeter. If the fuse blows, the 
capacitor Is shorted and must be replaced. Use a fuse large enough to carry the current, and 
make sure that the current will not be so great as to drive the ammeter needle off the scale. 
For example, a 20-ufd capacitor at 120 volts should draw less than 11 ampere, while a 400-ufd 
capacitor at 120 volts will draw 18 amperes. In making the test, apply voltage to the 
capacitor just long enough to read the anmeter. The current measured should be wlchln 20 
percent of that determined by the formula below where ufd Is the rating In microfarads and T 
Is the normal applied voltage. The number 2,650 Is a constant for 60-cycle current, while 
3,180 Is the constant for 50-cycle current: 

Capacitor test 

for 60-cycle amps * ufd X V 

2,656 

for 50-cycle amps ■ ufd X V 

3,130 

A defective capacitor must be replaced by one of the same voltage and farad rating or the 
equivalent as specified by the manufacturer. 

Before you test a system's relay, you must know the type of relay that you are looking 
at. You must have a schematic diagram that shows the hookup of the relay but does not 
Identify It by name. You should be familiar enough with the common types to Identify them by 
their characteristics. A fan motor Is used In some units for forced air circulation. The 
diagram In figure 3-19 shows an example of a relay and a fan motor In the same circuit. The 
fan motor must be disconnected before testing the relay. 
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Fig 3-19. Relay and fan motor diagram. 



Figure 3-20 shows a type of hot-wire relay that has two bimetal strips, two resistors 
or heaters, aid two sets of contacts. Both sets of contacts should be closed when the relay 
is not energized. The start contacts should open as soon as the motor reaches operating 
speed. You can verify opening of the start contacts with a voltmeter, which should read 1 ine 
vcmge across the start contacts. A zero reading will indicate that the contacts are not 
opening* 

The current rel*y shown In figure 3-19 can be checked for continuity through the coll 
and for an open circuit across the contacts when It Is not energized. The contacts close on 
starting but should remain open while the motor Is running. Use DC (such as with an ohmmeter) 
to test across the relay contacts, as AC can feed around through the motor windings and the 
capacitor, giving a false reading of continuity. 




- —JLl II 

CAPACITOR 

F1g 3-20. Hot-wire relay. 
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The potential relay as shown 1n figure 3-17, must be Isolated from the compressor 
motor before testing. Disconnect the "R" and "S" leads at the terminals on the relay* Check 
the Relay contacts between N R' and "S N for continuity. The contacts are normally closed, 
thus, the test should show a complete circuit. A test between W S" and terminal N L" should 
also show a complete circuit throunh the coll of the relay. If either test shows an open 
circuit, the relay 1s defective ana must be replaced. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What are the two types of reciprocating compressors used? 

a. 



b. 



2. What Important construction feature differentiates these two compressors 1n 
question #1? 



3. Identify two of the three construction features of the compressor body for 
reciprocating compressors. 



4. What type of compressors use reed or ring valves? 



5. Each of the following phrases pertains to either the rotary or centrifugal 
compressor. As applicable insert an H R n for rotary or "C" for centrifugal 1n the 
spaces provided. 

l 9 Compresses gas by a squeezing action. 

b. R-1J normally is used. 

c. Uses two out of four impeller wheels. 

d. Blades are held in place by spring action. 

e. Constructed with roller, shaft, and cylinder. 

f. Vanes are constructed of stainless steel. 

g. Vanes and shaft are enclosed 1n a cast-iron casing. 

h. The rotor and cylinder are eccentric to each other. 

6. What 1s the difference between the hermetic and the semi -hermetically sealed 
compressors? 



7. What 1s one advantage a hermetic compressor has over an open compressor? 
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8. Indicate whether the following phases pertain to a hermetic reciprocating 

compressor or a hermetic rotary compressor by placing reciprocating or rotary 1n 
the space provided after each phase. 

a. The shape of the case around the vanes 1s eccentric. 

b. An eccentric crankshaft 1s used. 

c. A scotch-yoke mechanism 1s used. 

d. A minimum of vibration 1s an advantage. 

e. There may be only 0.001 Inch of clearance at top dead center 

Matching 



Column A (Hems 9-12) contains compressor symptoms. Column B (a through 
d) contains probable causes of each symptom. Column C (A through D) 
contains the appropriate maintenance action for each symptom. Match the 
compressor symptom 1n column A to Its probable cause 1n column B, and, 
accordingly to Its corrective maintenance action 1n column C. Place your 
answer to each of the Iters 1n the space provided. There will be two 
answers per Hern. 



C olumn A 
Compressor synptons 
9. Noisy Compressor 



10. High suction pressure 



Column B 
Probable causes 

a. Improper tension 

b. Leaking discharge valve 

c. Improper lubrication 

d. Leaking suction valve 



11. Low head pressure 



Column C 
Maintenance action 

A. Changs belt 

B. Addoll 

C. Install new valve 
plate assembly 

D. Lap valve plate 
and Insert new 
valves 



12. Stretched drive belt 



13. What 1s always your first troubleshooting step? 



14, Ho • wou'd you check a hermetic system for a faulty motor circuit? 



15. State how tj test capacitors that can be disconnected from the circuit and 
resistor. 
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Work Unit 3-3. CONOENSER ANO RECEIVERS 

STATE THE PURPOSE OF CONOENSERS ANO LIST FACTORS THAT AFFECT THEIR OPERATION. 
OESCRIBE THE MAIN TYPE OF CONOENSERS. 

SPECIFY HETHOOS OF MAINTAINING PROPER OPERATION PRESSURE FOR AIR-COOLEO CONOENSERS. 

SPECIFY CHARACTERISTICS OF THE VARIOUS WATER-COOLEO CONOENSERS. 

STATE THE PURPOSE ANO NAME THE TWO TYPES OF RECEIVERS. 

There are many types of condensers In current use; therefore, It Is Important to know 
something about their design, operation, and application 1n a refrigeration system. 

The heat that 1s picked up 1n the evaporator 1s disposed of by the CONOENSER . The 
condenser changes the high-pressure and high-temperature gas to a high-pressure liquid. The 
rate of heat transfer depends on such factors as the surface area, material , and condition of 
the condenser and the type, the temperature, and the amount of the cooling medium. 

There are three things that take place 1n a condenser: OESUPERHEATING . CONOENSING . 
and SUBCOOL1NG . Before any condensation can take place, the highly superheated gas must have 
the superheat removed from 1t. This desuperheatlng process occurs 1n the discharge line, 1n 
the first few colls of the condenser. After the superheat 1s removed, the gas 1s at Its 
saturation temperature. At this po 4 nt the gas gives up Its latent heat and returns to a 
liquid. This 1s called the condensing process. After the gas has condensed to a liquid, Its 
temperature 1s still above that of the cooling medium (water, air, etc.). In the last colls 
of the condenser, the liquid gives up Its sensible heat to the cooling medium. This 1s known 
as subcoollng. 

You can prove the existence of these three conditions by running your hand over a 
condenser that has been 1n operation for an hour or so. The top colls will be much warmer 
than the middle colls, and the middle colls will be a lot warmer than the lower colls. 

The type of condenser that 1s used 1n a refrigeration -ystem depends on the cooling 
load of the unit and weather factors of the locality. Condensers can be grouped Into broad 
categories such as: AIR-COOLEO , WATER-COOLEO , and EVAPORATIVE . 

AIR-COOLEO condensers use ambient air as the cooling medium. They are normally 
constructed or steel or copper tubing, and they may be made with or without fans. These 
condensers use either the natural or forced convection process. Most domestic refrigerators 
use the natural circulation of air. Their condensers consist of tubing mounted on the back of 
the refrigerator. By allowing a space between the box and condenser, the air flow 1s similar 
to that of a chimney, and no fan 1s necessary. 

Although there are a few disadvantages 1n using air-cooled condensers, they require 
much less maintenance than other types of condensers. For this reason, refrigeration systems 
of 100 tons are being built with air-cooled condensers for use 1n cooler climates. Among the 
disadvantages of using air-cooled condensers are greater operating costs and reduced unit 
efficiency due to higher head pressure. The power needed to drive the condenser fans 1s 
sometimes quite excessive. This results 1n a disadvantage and the condenser fan noise may 
also become objectionable. All air-cooled condensers must also have adequate ventilation for 
the best possible results. 

The WATER-COOLEO condenser uses water as the cooling medium. The capacity 1s 
controlled by regulating the amount of water through the condenser. There are certain 
advantages 1n using water-cooled condensers. They are compact, they have a higher heat 
transfer, they use a lower head pressure, and there 1s an Increased condensing unit capacity. 
Along with the advantages, there are also disadvantages. There 1s a higher cost 1n water and 
1n maintaining the cooling tower, and there 1s a higher cost for Installation. Water-cooled 
condensers are classified Into three general groups; SHELL and COIL . DOUBLE TUBE , and SHELL 
and TUBE . 

The SHELL and COIL condenser consists of a welded shell containing a finned water 
coll. The refrigerant Is between the shell and the coll, and the water 1s Inside the coll. 
The water must be reasonably clean and free from minerals since the coll must be cleaned by 
the chemicals circulated 1n the water. Refer to figure 3-21 for an example of the shell and 
coll condenser. 
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Fig 3-21. Shell and coll condenser. 



The DOUBLE TUBE condenser, sometimes referred to as the tube-wlthln-a-tube, Is 
Illustrated in figure 3-22. The water flows In the opposite direction In the Inner tube, 
refrigerant Is between the Inner and the other tube. This counterflow action gives high 
efficiency. Here again, the water used must be clean and free of minerals as the Internal 
cleaning of the condenser Is accomplished by chemicals circulated In the water. 
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Fig 3-22. Double tube condenser. 
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The SHELL and TUBE condensers as shown 1n figure 3-23. are made of a steel shell with 
tube sheets at each end. Copper tubing runs from one of these sheets to the other. Iron 
heads bolt on each end of the condenser. Water flows Into one of these heads and out the 
other, and the refrigerant 1s between the sheet and the copper tubing. From a maintenance 
standpoint, this 1s the best type of water-cooled condenser, since the heads may be removed 
and the tubes cleaned out mechanically with a revolving brush. 
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F1g 3-23. Shell and tube condenser. 



The EVAPORATIVE condenser 1s cooled by water sprayed directly over the condensing 
colls, refer to figure 3-24. The evaporated water carries away the heat of condensation. The 
remaining water drops to a sump under the condenser where 1t 1s recirculated by a pump. A fan 
draws over the condenser colls to Increase the cooling capacity. Each pound of water 
evaporating on the condenser removes 970 Btu's of heat from the refrigeration system. This 
type of condenser 1s very efficient, and the temperature varies from very hot to very cold 1n 
a year's time. 



FA" ELIMINATORS 




F1g 3-24. Evaporative condenser. 



Immediately following the condenser. 1n the refrigeration system. 1s the RECEIVER . 
The receiver 1s a storage tank, usually cylindrical 1n shape, used to hold the surplus 
refrigerant 1n the system. A receiver 1s normally large enough to hold the complete 
refrigerant charge. This allows work to be performed on the system without the refrigerant 
being removed from the system. The receiver uses manual or automatic control devices to feed 
the evaporator at approximately the same rate at which 1t receives the liquid from the 
condenser, thus maintaining a required temperature. Refer to figure 3-25 for an example of a 
horizontal liquid receiver. 
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There are basically two types of receivers, the VERTICAL and the HORIZONTAL. The 
Inlet to these receivers 1s normally at the top and the outlet on the bottom. If the outlet 
IL 1 ^ e * top ;^ n l nternal tube ( d1 P t^e) extends to the bottom to maintain a liquid seal at 
the outlet. This keeps vapor from entering the liquid line, industrial -type receivers 
usually have a sight glass (sight level Indicator) to check the amount of liquid 1n the tank- 

^n^'i? 1 *!!! d 2?! tic u H 1t 2 * e lt oa d0 ' The tank should be about one-third to one-fourth 
full of liquid refrigerant when the system 1s 1n operation. This will leave room for the 
surplus refrigerant when the system 1s pumped down. 




Fig 3-25. Horizontal liquid receiver. 



„♦ T 9e that uses a shell and tube water-cooled condenser refer to figure 3-23, 

does not need a separate receiver. The bottom one-third of the condenser 1s utilized as a 
receiver. This application 1s referred to as a condenser-receiver. Care must be taken to 
prevent overcharging the system. If any of the water colls are covered with liquid 
refrigerant, the head pressure will Increase, reducing the compressor efficiency. 



Answer the following questions and check your responses against those listed at 
the end of this study unit. 

What three functions does a condenser perform? 

a. 

b. 

c. 

2. List the six factors on which the rate of heat transfer depends. 

a. 

b. 

c. 

d. 

e. 

f. 

3. State the purpose of the condenser. 



EXERCISE: 
1. 



4. What two factors determine the type of condenser to be used? 

a. 

b. 
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5. Briefly describe the following types of condensers, 
a. Air-cooled - m 



b. Shell and coll - 



c. Double tube - 



d. Shell and tube - 



e. Evaporative 



6. What are the two basic types of receivers? 

a. 

b. 

7. What type unit does not require a receiver? Why? 



8. Why are receivers used 1n a system? 



Work Unit 3-4. EVAPORATORS 

STATE THE PURPOSE OF THE EVAPORATOR AND NAME THE BASIC TYPES AND GROUPS OF 
EVAPORATORS. 

DIFFERENTIATE BETWEEN THE DRY AND FLOODED TYPE EVAPORATORS, 

EXPLAIN WHAT IS MEANT BY THE OPERATING CONDITIONS OF THE EVAPORATORS. 

DESCRIBE VARIOUS EVAPORATORS IN COMMON USE. 

DESCRIBE THE SPECIAL EVAPORATORS TYPES. 

If you will remember, earlier 1n this course 1t was said that heat moves from hot to 
cold. This 1s> the basic situation 1n which the evaporator works. 

The evaporator 1s that part of the refrigeration system within which the refrigerant 
1s converted from a liquid to a vapor by the process of evaporation. The liquid refrigerant 
entering the evaporator from the refrigerant flow control 1s suddenly under low pressure. 
This makes 1t vaporize or boll and absorb heat. The vapors then move on Into the suction 
line. The evaporator 1s often referred to as a boiler, freezing unit, coll, and the low 
side. The temperature of the evaporator must be lower than that of the refrigeration space, 
which allows the heat 1n the refrigerated space to flow Into the evaporator. 

Evaporators are of two basic types, DRY and FLOODED , and are classified under four 
groups, according to their use. shape, size, application, etc. The four groups are: (1) type 
of surface (finned or prime); (2) operating condition (frosting, nonfrostlng, and defrosting); 
(3) refrigerant control; and (4) circulation (natural and forced). 
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The DRY system was used long before the flooded system. In this system, a throttllna 
device allows only the amount of refrigerant that Is needed for a required temperature to 

™5%t t Sr?« P0 ^°r* „ T !! ere \* on l y a sman anlount of ' 1< ' u1d 1" theevaporatri? an ?1mes 
coJt^nfrf " "'f? l0dd dera * n ^* ,T he exact ainount of 11o ." 1d entering threvaporator lay be 
2nJS loJt^? Ual ^,° r The large Industrial systems sometimes emX Se 

Se n rSst«t°e;pa«1o^lve? her ^ **" n ^ aUt ° mat1C COntro1 • a 

r.fM the T £U)9PIP- systems, the evaporative element 1s filled (flooded) with the liquid 
SSftSn ar?IS P 2^%l!2 d ! r f l 00ded conditions, becomes a boiling mass of liquid 
wnose vapors are drawn off at the top by suction from the compressor through the trao or 
accumulator. The purpose of the accumulator Is to separate the liquid that 1s entwined in 
the vapor carryover. The liquid Is then returned to the evaporator for cycling loll nthu! 
allowing only saturated gas to enter the compressor. 9 P° r « or cycling again, thus 

p n ni OM 15! iKS? ha * an adwant «ge of outstanding heat transmission, 1n that 1t 

employs the liquid wetted surface; whereas, the dry system uses the vapor wetted system. This 
is also the reason why smaller evaporators can be used for equal capacities! The floSded 
system is also more flexible In the distribution of refrigerant, particularly where a number 
ISO °nave , 2. C S22i t S# a C °r? hMder *? forra a rauU1 P ass arrangement! FlS sysTSs 
oil "thSttlllg dS?2f m y 9 SeVerd1 eva P° rators " 1th only one accumulator and only 

nn«,.»Mn!! S ^!;«?? nt1one t d ea . rl1e r, one of the classification groups of evaporators 1s the 
operating conditions: frosting, nonfrostlng, and defrosting. H 5 ine 

n ~«M„!! FR 2? TIWS ew *P? r ator Is used wlen the temperature never goes above 32° F In normal 
operation. The evaporators that are usrd 1n household refrigeration, frozen food storaoe and 
K ^f« ra t"ro refrigeration are normally In this category. 9 This evapSXSr mil S 9 * 
defrosted manually or automatically at certain Intervals. 

The NON FROST INS evaporators are used where temperatures remain above 320 f at all 
times. The nonfrostlng evaporator Is limited to high temperature refrigeration such as in 
SUSSES? 9, Pr ° CeSS C0 ° 11n9, the St ° rage ° f bakery P^^ctl.la^T/vegetables 1 : "d'" 

In the DEFROSTING evaporators the temperature Is below 320 f when the comoressor 1s 
•"•rating and aBove"^ when the compressor stops. While the unit Is operStS^Se "ol s 
frosts up. but It defrosi . itself when the unit stops. Because of the necessity of raSld heat 
oper.?!o r n! 9 defr0St1nfl ' forced convection evaporators are particularly adaplabie to Sis tjpe 

There are various evaporators In common use today. The BARE TUBE or PLATE evaoorators 
are normally used where the box temperature Is below 32° F and I n l iquid c oolTHp The£ 
evaporators may be defrosted by scraping off the accumulated Ice. This reason makes them 
Ideal for use In cold storage areas and'other appllratlons where It Is llpSSbU to false the 

SSnS&'XS 5 he ^I"* temperature. Figure 3-26 illustrates a bare tube 
evaporator that Is used as an overhead coll or In brine tanks. 




Fig 3-26. Bare tube evaporator. 
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A PLATE evaporator 1s made by stamping out two plates to form tubes, and welding the 
plates togefRer. Another method 1s to form a coll. cover 1t with plates, and weld the plates 
together. These evaporators are used 1n lockers, cold storage plants, refrigerated "trucks, 
and for fast freezing of food. For fast freezing of foods, the evaporator serves as shelves 
and the food 1s placed directly on them. This arrangement allows for a fast heat transfer 
from the food to the evaporator. 

FINNED evaporators are made of bare tubes covered with metal fins. These fins add 
surface areTwhlch aids 1n heat transfer. These evaporators are used 1n many applications. 
Formerly they were used only 1n a1r-cond1t1on1ng and areas where the temperature did not go 
below 32° F. Today, with the aid of automatic defrost systems, these evaporators are used 
1n applications where the temperatures goes down to 0° F, see figure 3-27. 




Fig 3-27. Finned evaporator. 



Any type of evaporator with a mechanical means of moving the air 1s 
air unit; called a FORCED CONVECTION evaporator. It normally consist 



considered a 

forced air unit, called a FORCED cunvecuun evaporator. ix nurmanjr waists of a finned coll 
with a fan to force the air through the coll. The finned coll and fan may be enclosed In a 
metal housing with openings for Inlet and discharge air. Forced convection evaporators are 
very efficient, as they maintain an even temperature throughout the refrigerated space. 

On occasion you will come Into contact with special evaporators which are 
modifications of the fundamental types of evaporator colls. They are designed for special 
applications. 

TA NK-TYPE COOLERS consist of an evaporator coll submerged 1n a tank of liquid. This 
liquid 1s known as a secondary refrigerant. The secondary refrigerant may be either plain 
water or brine. If the required temperature 1s below 32° F, the secondary refrigerant must 
be a brine. Tank-type coolers are used almost universally 1n the production of 1ce. M1lk 
coolers use a tank-type with plain water as a secondary refrigerant. This water acts as a 
"cold bank" device to prevent too great a temperature rise 1n the low side when warm milk is 
placed 1n the cooler. 

The BAUDELOT or TUBULAR COOLER 1s used exclusively to cool llgu^s. ".consists of a 
series of pi pes or coils iaio out in ve rtical arrangement (one over the other) through which 
the refrigerant passes, employing either the flooded or dry method of evaporation. There Is a 
trough at the top provided with holes through which the liquid to be cooled flows and trickles 
over the colls 1n a cascade. The liquid 1s collected 1n another trough at the bottom of the 
colls. This type of cooler 1s easy to clean and maintain aH 1s used extensively where 
aerating 1s a factor. 

in the SHELL and COIL type cooler the dry expansion method 1s used. It may be used to 
cool any type l iquid, but 1t m ost generally used 1n the common water cooler. This evaporator 
consists of a continuous single or double spiral coll with the refrigerant Inlet and outlet 
located at the top. The refrigerant 1s Inside the coll. while the liquid to be cooled 1s 
between the coll and the outside shell. 

The SHELL and TUBE cooler 1s opposite the shell and coll cooler. It consists of a 
cylindrical sheil In which a number of tubes are placed. The tubes run lengthwise and are 
connected by tube sheets at both ends that form an Inlet and discharge header. This cooler is 
usually used to cool water or brine, and 1t can be operated under dry or flooded expansion 
conditions. When the flooded expansion 1s used, the liquid to be cooled (or the secondary 
refrigerant) flows through the tubes and the refrigerant surrounds the tubes. Usually these 
are reversed when the dry expansion 1s used. 
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EXERCISE: Jnswe^the WlQg^vj,t1« and check your responses against those listed at 
1. State the purpose of the evaporator In the refrigeration system. 



2. Name the two basic types of evaporators. 

a, 

b. 

3. What are the four groups In which evaporators are classified? 

a, 

b. 

c. 

d. 

4 State the difference between the dry and flooded evaporator systems. 



5. List the tnree advantages of the flooded system. 

a. 

b. 

c. 

6. List the three operating conditions of evaporators, 
a. 



7. Describe the following evaporators, 
a. Bare tube or plate - 



b. Finned tube - 



c. Forced convection - 
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8. Describe the following special types of evaporators, 
a. Tank- type cooler - 



b. Baudelot cooler 



c. Shell and coll 



d. Shell and tube 



Work Unit 3-5. ACCESSORIES 

STATE THE PURPOSE, LOCATION, AND ADVANTAGES OF THE HEAT EXCHANGERS. 

SIVE THE PURPOSE, LOCATION, AND PRINCIPLE OF OPERATION OF AN OIL SEPARATOR. 

STATE THE PURPOSE OF DRIERS AND SIVE THE TYPES AND USES OK DESICCANTS. 

STATE THE PURPOSE AND LOCATIONS OF VIBRATION ABSORBERS. 

STATE THE PURPOSE AND LOCATIONS OF MUFFLERS. 

Although compressors, condensers, evaporators etc., have been discussed as being main 
exponents 1n a refrigeration system, there are many refrigeration accessories that are as 
equally Important. In fact, without most of these accessories, th^ efficiency of the system 
would be low, the ease of operation would not be a factor, and there would be more safety 
hazards. This work unit will discuss such accessories, such as heat exchangers, oil 
separator, and driers. 

A HEAT EXCHANGER , whether used 1n refrigeration, heating, or any other application, 1s 
a device used for transferring heat. In the refrigeration Industry, a heat exchanger (known 
as a liquid cooler) 1s used to transfer heat from the hot liquid Mne Into the cool suction 
line. Figure 3-28 and 3-29 show a typical heat exchanger and Its location- The suction vapor 
(at a low temperature) goes through the Inside tube 1n one direction, and the hot liquid goes 
through the outside tube 1n the other direction. The counterflow effect of the hot liquid on 
cool vapor Increases the heat transfer rate, and the hot liquid 1n the outside tubes keeps the 
heat exchanger from sweating. A heat exchanger provides several advantages: 
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LIQUID OUT 
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WARM 
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F1g 3-28. Heat exchanger. 



3-29 



105 



It minimizes flash gas. The reduction of flash vapor 1s very important, it 
results from the sudden change of a portion of the liquid to a vapor as the 
refrigerant passes through the refrigerant control. This action reduces 
volume capacity, increases the low side pressure drop, and reduces the amount 
of heat each pound of refrigerant can absorb as 1t evaporates. The flash 
vapor cools the remainder of the liquid to the evaporating temperature. 

Sweating or frosting of the suction line 1s minimized or eliminated. 

Flooding of liquid refrigerant to the compressor 1s minimized or eliminated. 

Liquid enters the expansion valve at a lower temperature. This advantage 1s 
very important 1n low temperature application. The hot liquid that comes from 
the receiver must have Its temperature reduced 1n the evaporator before 1t can 
be evaporated. This means that the heat 1s being carried Into the evaporator 
by the hot liquid. In passing through the expansion valve, part of the liquid 
vaporizes and takes up the sensible heat from the rest of the liquid, reducing 
ino t f?T a P!! re t0 ? at of the e«!»rator. As an example, 1f one pound of 
100" F liquid passed through the expansion valve into the evaporator with a 

?«T i r a ^ re ^ f 0 J» about 1/16 of a P° und would be vaporized, reducing the 
100° F liquid to 0° F. Therefore, there would be only 15/16 of a pound of 
liquid left to produce a refrigerating effect. 

It Increases compressor efficiency. At a1r-cond1t1on1ng temperatures, a heat 
exchanger will Increase the volume of the suction gas enough to offset any 
advantage gained by reducing the amount of flash gas 1n the evaporator. This 
has caused many manufacturers to eliminate the use of heat exchangers 1n their 
air-conditioning systems. However, when you consider the following 
conditions, 1t becomes obvious that heat exchangers can be an advantage to all 
systems. 




Fig 3-29. Location of heat exchanger. 



All compressors must have an oil film on the sides of the cylinder to reduce friction 
between the cylinder and piston, if this film of oil 1s full of refrigerant each time the 
piston goes down, the refrigerant 1n the oil will evaporate 1n the cylinder. This reduces the 
amount of vapor the cylinder can remove from the evaporator. A heat exchanger will Increase 
the temperatures of the suction gas. This, 1n turn, Increases the temperature of the cylinder 
wall and the oil » wnlch results 1n a thinner film of oil on the cylinder wall. The thin film 
of oil can hold very little refrigerant so the piston can remove more vapor from the cylinder 
each stroke. 
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F1g 3-30* 011 separator. 



OIL SEPARATORS > as the name Implies, separate the oil from the refrigerant vapor. 
Compre ;ors need lubrication, but there 1s a chance that too much oil will leave the 
compressor, since 1t pumps oil along with the vapor. Therefore, an oil separator 1s used. An 
oil separator consists of an enclosed steel cylinder with a float and a needle valve Inside. 
It also has a gas line from the compressor, a gas line to the condenser, and an oil return 
line to the compressor crankcase, see figure 3-30. 

As the hot compressed vapor and oil come from the compressor, they go Into the 
separator. As this mixture arrives, the vapor slows down and the oil falls to the bottom of 
the separator. The hot vapor, free of oil deposits, then travels to the condenser, see figure 
3-31. As the oil accumulates, Its level activates a float assembly, which opens the needle 
valve. The high side pressure forces the oil to return to the low side of the compressor. 




Fig 3-31. Location of oil separator. 



The oil separator 1s Insulated to prevent the refrigerant vapor from condensing 1n the 
separator and from being returned to the compressor as a liquid with the oil • Most expansion 
systems operating at temperatures above 0° F do not need an oil separator, but water 
coolers, low- temperature systems, and complex multiple Installations operate much more 
efficiently with an oil separator. 

Moisture must be eliminated during the manufacturing process, and Its entrance must be 
guarded against 1n all fields of operation. If moisture does get Into the system, you must 
remove 1t as soon as possible. The main sources of moisture are low-side leaks, contaminated 
oil, a contaminated refrigerant, and leakage 1n a water cooled condensing unit. Moisture may 
enter the system whenever 1t 1s open, such as during Installation or when repairs are being 
made. Moisture 1n the system will cause one or more of the following undesirable effects: 




3-31 



107 



• Freezing of the expansion valve/devices. 

• Corrosion of metals. 

• Chemical damage to the motor Insulation or to other system components. 

• A restricted or plugged filter. 



ANTI-BYPASS RING 




F1g 3-32. F1lter-dr1er. 



Deslccants, or drying agents, are of two types: ADSORPTION and ABSORPTION . 
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liquid 1s formed which will escape and cause disastrous results. CALCIUM O XIDE Is a cheap, 
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Answer the following qutitlom and chtck your responses igilnst those listed it 
tne end or this study unit. 

Whet Is the purpose of e heat exchanger used in refrigeration applications? 



Describe where In a refrigeration system the heat exchanger is located. 



b. 



c. 



d. 



What do oil separators do in a refrigeration system? 



List the five advantages of using a heat exchanger, 
a* 



Describe how an oil separator works. 



What 1s the purpose of driers? 



The drier contains filters and either an or 

type of desiccantl 
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8. Give the use of the following types of deslccants. 

a. Calcium chloride - 

b. Calcium oxide - 

c. Calcium sulphate - , 

d. Aluminum oxide - 

e. Silica gel - 

9. Explain the purpose of a vibration absorber. 



10. Where Is the most desirable location for vibration absorbers that are to be 
Installed In the suction and discharge lines? 



11. What Is the purpose of a muffler? 



12. in which refrigerant line are mufflers usually located? 



SUMMARY REVIEW 

During your study of this study unit, you learned the types of refrigeration systems 
and the major components within the refrigeration systems. You also learned how a mechanical 
refrigeration system Is constructed. Finally, you learned the different types of compressors, 
condensers, receivers, evaporators, and accessories that you will encounter In the 
refrigeration field. 

Answers to Study Unit #3 Exercises 
Work Unit 3-1 

1. a. Ice system 

b. Evaporative system 

c. Dry Ice system 

d. Absorption system 

e. Vapor compression system 

2. Vapor compression system 

3. a. Compressor 

b. Condenser 

c. Metering device 

d. Evaporator 
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Work Unit 3-2 

1. a. Single acting (vertical) 
b. Double acting (horizontal) 

2. Closed crankcases for vertical type and open for horizontal type 

3. a. They are made of close grain cast Iron In either one or two pieces. 

b. The two piece type has the crankcase and cylinders cast separately, then 
bolted together r *• 

c. The one piece type Is cast In one block with a baseplate. 

4. High speed compressors 

5. a R 

b. C 

c. C 

d. R 

e. R 

f. C 

g. C 

h. R 

6 ' I^H^^ f°T e 5??r I* a F"P lrtel * welded unit, whereas the semi-hermetic Is 
bolted so as to facilitate maintenance. 

7. There Is no shaft *eal. This eliminates leakage. 



8. 


a. 


Rotary 




b. 


Reciprocating 




c. 


Reciprocating 




d. 


Rotary 




e. 


Reciprocating 


9. 


c - 


6 


10. 


d - 


D 


11. 


b - 


C 


12. 


a - 


A 



13. Check electrical power 

14. A motor-stat analyzer or a multimeter 

15. Charge and discharge It with Its normal voltage, not to exceed 120 volts. 

Work Unit 3-3 

1. a. Desuperheatlng 

b. Condensing 

c. Subcoollng 
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2. a. Surface area 

b. Type of cooling medium 

c. Temperature of cooling medium 

d. Material 

e. Condition of the surface 

f. Amount of cooling medium 

3. The condenser disposes of the heat that Is picked up from the evaporator. 

4. a. Cooling load of the unit 

b. Weather factors of the locality 

5. a They are normally of steel or copper tubing construction, with or without fins. 

b. This type consists of a shell of welded construction with a finned water coll. 
The refrigerant Is between the shell and coll, and It holds the water. 

c. This type Is constructed with two tubes, one Inside the other. Water flows In 
one direction, and the refrigerant In the other. 

d. These types are made with steel shells with tube sheets at each end. Copper 
tubing connects both sheet ends. 

e. Water Is sprayed directly over the condensing qo1ls. 

6. a. Vertical 
b. Horizontal 

7. The shell and tube water-cooled condenser does not need a receiver because the 
bottom portion of the condenser Is used a receiver. 

8. To store surplus refrigerant 

Work Unit 3-4 

1. The evaporator converts liquid to vapor. 

2. a. Dry 

b. Flooded 

3. a. Type of surfaces 

b. Operating condition 

c. Refrigerant control 

d. Circulation 

4. Basic difference Is the amount of refrigerant. A small amount Is used In the dry 
system and the evaporative element Is filled In the flooded system. 

5. a. Better heat transmission 

b. Smaller evaporator 

c. More flexible distribution of refrigerant 
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6. a. The frosting evaporator Is used In units which have temperatures below 32© 

F It needs defrosting at certain Intervals. 

b. The nonfrostlng evaporator Is used where temperatures remain above 32° .F. 
It needs no defrosting. 

c. The defrosting evaporator Is used where temperatures go below 32° F when the 
compressor Is operating and above 32° F when the compressor Is stopped. 
This units defrost themselves when the compressor stops. 

7. a. The bare tube evaporator Is formed of colls or tubes and plates and Is used 

for frozen foods. This type evaporator can serve as shelves for the fast 
freezing of foods. 

b. These are bare tubes covered with metal fins. 

c. Forced convection evaporators are any type of evaporators that uses a fan to 
force air through the tubes or colls. 

8. a. The tank-type cooler has the evaporator coll submerged In a tank of liquid 

which acts as a secondary refrigerant. 

b. The baudelot cooler Is a series of colls In a vertical tier arrangement, the 
liquid that Is to be cooled flows over the colls In a cascade from a trough at 
the top to another trough at the bottom. 

c. The shell and coll cooler consists of a continuous coll In which the 
refrigerant flows. Liquid that Is cooled flows between the coll and the shell. 

d. Jhe shell and tube cooler consists of a number of tubes In which the liquid 
that is to be cooled flows. The refrigerant surrounds the tubes. 

Work Unit 3-5 

1. Its purpose Is to transfer heat from the hot liquid line Into the cool suction 
line. 

2. It Is located between the evaporator and the condenser. 

3. a. It minimizes flash gas. 

b. Sweating or frosting of the suction Is eliminated. 

c. Flooding of liquid refrigerant to the compressor Is eliminated. 

d. Liquid enters the expansion valve at a lower temperature. 

e. It Increases compressor efficiency. 

4. They separate the oil from the refrigerant. 

5. Compressed vapor and oil enter the separator from the compressor. Upon entering 
the separator the vapor slows down and the*, all drops out and accumulates until Its 
level causes a float assembly to open a needle valve. The high-side pressure then 
forces the oil back to the low-side of the compressor. 

6. Driers are used to reduce or eliminate moisture from a refrigeration system. 

7. Adsorption and or Absorption 

8. a. Calcium chloride Is used with all refrigerants. 

b. Calcium oxide Is a cheap, efficient deslccant. 

c. Calcium sulphate Is In granular form and m*y cause harm If not used with the 
proper filter. 
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d. Aluminum oxide absorption type deslccant Is used with all refrigerants. 

e. S1 Ida-gel Is the most popular deslccant. It Is slow but can be left In the 
system Indefinitely. 

9. Prevent the transmission of noise and vibration from the compressor. 

10. As close as possible to the compressor or the condensing unit. 

U. To dampen the pulses of gas created by the compressor. 

12. Discharge line. 
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STUOY UNIT 4 

REFRIGERATION CONTROLS 

STUOY UNIT OBJECTIVE: WITHOUT THE AIO OF REFERENCES, YOU WILL IOENTIFY VARIOUS 
REFRIGERATION CONTROLS THAT PROVIOE EASY, SAFE OPERATION OF REFRIGERATION 
SYSTEMS. YOU WILL IOENTIFY SOME OF THE OPERATING ANO MAINTENANCE FEATURES OF 
THESE CONTROLS, PLUS THE MOTOR ANO SAFETY CONTROLS ANO THEIR MAINTENANCE TASKS. 

^ UC Y0U MILL I0ENTIFY THE 0IFFERENT MOTORS THAT ARE USEO IN MOOERN REFRIGERATION 
SYSTEMS* 

Your BRAIN Is a control system. It controls your movements and It responds to various 
situations. Have you ever touched something hot? If you have, you undoubtedly released It 
Immediately, didn't you? The control system of a refrigeration or air conditioner acts like a 
brain. It senses a change and responds with a corrective action. 

The basic refrigeration control Is a device that starts/stops, regulates and/or 
protects the refrigeration cycle and Its components. Though it may take almost any form and 
may be operated by different forces such as temperature or pressure, the function of the 
control Is always the same. 

* «... In . ? h1s s ? udy un1t » some of the refrigerant controls that provide easy, safe operation 
of the refrigeration system will be covered. Also, some of the operating and maintenance 
features of these controls, including the motor and safety controls and their maintenance 
tasks will be presented to you. 

Work Unit 4-1. CONTROLS 

STATE WHAT A SIGHT GLASS IS ANO HOW YOU USE IT. 

SPECIFY THE TYPES ANO PURPOSE OF PRESSURE RELIEF VALVES. 

OESCRIBE THE TYPES ANO USES OF THE WATER REGULATING VALVES. 

DISTINGUISH BETWEEN THE CHARACTERISTICS ANO USES OF SUCTION PRESSURE CONTROL 
VALVES ANO THOSE OF TWO TEMPERATURE VALVES. 

IOENTIFY THE PURPOSE AND TYPES OF CHECK VALVES USEO IN A REFRIGERATION SYSTEM. 

STATE THE PURPOSE ANO OPERATING PRINCIPLE OF THE OEFROST TIMER. 

OESCRIBE THE TYPES ANO PRINCIPLES OF OPERATION OF THE SOLEN0I0S. 

A SIGHT GLASS Is installed In the liquid line of a refrigeration system to visually 
determine if the system has enough refrigerant. The sight glass should be installed as close 
as possible to the receiver, but far enough downstream to avoid any disturbance resulting from 
valve action. When the system has a low charge, vapor bubbles will appear In the sight 
glass. This indicates to the serviceman that the system needs more refrigerant. 
Occasionally, when liquid lines are quite long, an additional sight glass In the front side of 

^?„J e t r i? er J ♦u°? t Il! 1 ?? ow L tl ? e !f re J m of refrigerant reaching the control. Bubbles at this 
point indicate that the liquid Is flashing because of an excessive pressure drop. These 
bubbles can only be eliminated by reducing the pressure drop or by further subcoollng the 
liquid refrigerant. " 

PRESSURE RELIEF VALVES are valves designed to relieve excessive, dangerous pressure 
fr S" ■ refrigeration system. They are normally installed on the liquid receiver, but on some 
units that you may come Into contact with, they can also be located on the water-cooled 
condenser. The National Refrigeration Code sets down requirements for the type and number of 
valves used, where they are to be located, and on what units. 

, The r? ? re three raa1n t y >es of relief valves. One type is the FUSIBLE PLUG. This Is a 
pipe plug which has been drilled out and filled with a metal alloy th at wi ll melt a t a 
predetermined temperature, which depends on the pressure-temperature relationship of the 
refrigerant used In the system. «. m 
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Another type of relief valve 1s the RUPTURED-DISK , This device looks the same as the 
fusible plug, but 1t has a thin metal (usually silver) disk Inside, This disk bursts when the 
pressure In the system reaches an abnormal, dangerous level. The third design 1s the 
SPRING-LOADED SAFETY VALVE . Unlike the other types, this valve can be permanently used. It 
has the ability to ciose and reseal Itself after 1t has relieved the dangerous pressure 1n the 
system. This valve 1s adjustable, but once a pressure 1s set, 1t 1s sealed to prevent 
tampering. If the seal 1s broken, the valve must be replaced with a properly adjusted one. 
Pressure relief valves are designed to close when the pressure drops to a safe limit, which 1s 
normally 10 to 20 percent below their opening pressure. 

Note ; MANUAL HAND VALVES MUST NEVER BE INSTALLED BETWEEN THE SYSTEM AND ANY TYPE OF 



WATER REGULATING VALVES are essentially what their name Implies. They turn the water 
on or off and regulate its flow. Three types of valves are used to regulate this flow of 
water within a refrigeration system: ELECTRIC , PRESSURE , and THERMOSTATIC . 

The ELECTRIC WATER VALVE 1s located between the water supply and the condensing unit, 
normally on tne condensers 1 Ease. It works simultaneously with the motor. Electric valves 
usually operate on 120 volts and use from 6 to 10 watts of power. 

A PRESSURE-OPERATED VALVE 1s probably the most popular. It uses a bellows to operate 
the valve. When the pressure in the condenser rises, the bellows expands and, through a 
varlaty of mechanisms, the valve portion moves. As water flows Into the condenser, it cools 
the compressed vapor, reduces the pressure and, in turn, causes the bellows to contract. This 
causes the operating mechanism to close the valve. These valves may be set to a predetermined 
pressure by adjusting a heavy spring which presses against the bellows. The pressure depends 
on the temperature of the water and the particular refrigerant that 1s used. 

The THERMOSTATIC WATER VALVE 1s about the same as the pressure-operated valve, except 
that It uses a thermostatic element which 1s connected to a bellows. This valve then works on 
the temperature of the exhaust water. The thermostatic element 1s charged with a volatile 
substance, and 1s located 1n the condenser line. Temperature change causes the liquid to 
expand or contract, and thus causing the valve to open or close. 

Various systems use SUCTION PRESSURE VALVES to maintain a certain pressure 1n the 
evaporator. This pressure has no oearing on tne low side of the compressor or the cooling 
demand. Generally a bellows or diaphragm 1n th« valve responds only to the pressure that 1s 
In the evaporator. When the evaporator pressure reaches approximately 30 ps1, the bellows 
(diaphragm) opens the valve. When the pressure falls below 30 ps1, the valve closes. There 
are two basic types of suction pressure valves: a SUCTION THROTTLING VALVE and an EVAPORATOR 
PRESSURE REGULATOR , see figure 4-1. The main purpose of a suction pressure control valve 1s 
to xeep tne temperature of the evaporator above freezing, so that the moisture condensing on 
the evaporator will not freeze as the air flows through 1t. 



RELIEF VALVE. 
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F1g 4-1. Suction-pressure valve. 



TWO-TEMPERATURE VALVES like the one In figure 4-2 are generally used on multiple 
installations, where it is important to maintain different temperature In different 
evaporators connected to the same system. A valve of this type (sometimes called a constant 
pressure valve, or a pressure reducer) Is mounted Into the warmest evaporator suction line. 
This maintains the pressure of the warmest evaporator, and prevents It from falling below a 
safe setting. 
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F1g 4-2. Two-temperature valve. 



These valves are also used to Insure a constant low-side pressure. They are usually 
constructed of a bellows or diaphragm, a needle, and Its seat. These are set 1n such a manner 
that the bellows 1s operated by the pressure 1n the warmest evaporator. As the compressor 
pumps down the low side to the desired pressure, the valve 1s activated by the bellows and 
shuts off. Thus, the pressure 1n the warmest evaporator 1s prevented from going below the 
desired pressure. When the pressure 1n the evaporator again begins to build up (from 
vaporizing the refrigerant) the bellows activates the valve. As the valve opens the vapor 
passes on to the compressor. 

There are two general types of two-temperature valves: PRESSURE-OPERATEO (metering 
and snap-action) and TEMPERATURE-OPERATED (sensing bulb, bellows, thermostat, and solenoid). 

CHECK VALVES are used 1n refrigeration systems, as 1n all other systems, to prevent 
the reversal of flow, they are used 1n two-temperature Installations, to prevent vapor 
passage during the off cycle, and 1n defrost systems. Check valves will remain open when 
fluids and/or vapors are flowing 1n the right direction during normal operation, but will 
close automatically when changing conditions within the refrigeration system tend to force a 
reversal of the flow. 

There are two types of check valves: the SWING-CHECK (see fig 4-3) and the LIFT- 
CHECK (see fig 4-4). The swing-check valve has a hinged disk that seats against the"TTTted 
bridge wall opening of the valve body (see fig 4-3). This disk swings freely on Its hinge pin 
from a fully closed position to one parallel with the flow. The fluid or vapor 1n the line 
enters below the disk. Pressure overcomes the weight of the disk and raises 1t, permitting a 
continuous flow*. If the flow 1s reversed or back-pressure builds up, this pressure 1s exerted 
against the disk, forcing 1t to close and stop the flow. 
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CAP BOLTS 
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SEAT KINO 



BODY 

F1g 4-3. Swing-check valve. 



CAP 

UNION CAP 
RING 




BODY 



Fig 4-4. Uft-check valve. 



f1a a a\ Ml 5i V ! c!?* diSk ,! eats on a hor1z ontal bridge wall 1n the valve body (see 

Ie?t1cJliv 2 o£l Thl i lM. f R B tS 11 % £ y J h SP ressure of the flu1d and moves 1 
vertically to open. The valve 1s closed by back-flow, or by gravity when there 1s no flow. 

Most automatic defrost systems use a DEFROST TIMER to start th* fUfmct ruru Th- 
taste co.pon.nt Is .„ eUctrle, «lf-staptln, S cT5f|-4ra E n ,e 1 ,5„fs P . t M'tta C SS i-Jltts 
;.. c ^-tf'e?.?'«r' t *' »"''«».?"'tch.s. some of tb.s. clocks «p. connocted stroll!? toT 

S&S&&ti£Jt*±±*- *• - " * "*»*- » —pono'to" 

Some of the timers are connected to electrical power 1n parallel with the motor. Thev 
X2I?.?' T I V™ ° f th ? condens1n 9 un1t . th'defrost cycle is ISlvStflSr a 

S d h "»» r °f h T S : unn1n 9 t1rae - Soine t1«er$ that depend oJ the system energize a 
5oera!e the P c 0 L« L% tC T h t0 e P the fa ? m0t0r * Start an ™1"«"y electric & efemenl and 
lo P ::t? e de th p e re«;fe e ii°a r i a^rmaH.;," PreV6nt ^ n ° rmal CyCle fr ° m Starting until the 
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Another automatic timer starts the defrost cycle while the temperature bulb Is 
returning the unit to a normal operation cycle, after the evaporator reaches a temperature 
above 32° F. Still another timer starts defrost action and also a pressure control 
(low-pressure side) that returns the system to normal operation* This timer can be used with 
either air defrost action , or electrical heat action* 

SOLENOID VALVES 1n refrigeration systems automatically close off or open a circuit to 
produce the desired refrigerating effect* It Is simply an electromagnetic device with a 
moveable core (center) and an armature* This armature (made of Iron alloy) 1s attached to a 
moveable needle* The basic principle of a solenoid Is Illustrated In figure 4-5* When the 
solenoid coll Is energized, the magnetic armature, or plunger, moves upward toward the center 
of the coll, thus opening the valve* When the circuit opens, the coll de-energizes and the 
spring and the weight of the plunger forces the valve against the valve seat, thereby closing 
the valve* 



PLUNGER 




PORT 

Fig 4-5* Solenoid (direct-acting). 



There are two basic types for solenoid valves that you may find In use: the 
DIRECT- ACTI NS (fig 4-5) and the PILOT-OPERATED (fig 4-6). In the direct-acting type, the pull 
of the coii opens the valve port directly by lifting the pin out of the valve seat. Since 
this valve depends solely on the power of the solenoid coll for operation, its port size, for 
a given pressure differential, Is limited by the coll size. 

Large solenoid valves are usually of the pilot-operated design* With this type, the 
solenoid plunger does not open the main port directly, but merely opens the pilot port (A), 
refer to figure 4-6* Pressure trapped on top of the piston (B) 1s released through the pilot 
port, thus creating a pressure Imbalance across the piston (B). Because the pressure 
underneath Is now greater than the one above, the piston moves upward. This opens the main 
port (C)* To close port (C), the coll 1s de-energized, causing the plunger to drop and close 
the pilot port (A)* Now the pressure above and below piston (B) equalizes* Piston (B) will 
close the main port vC). The pressure difference across the valve, acting on the area of the 
valve seat, holds the piston closed tightly. 
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Fig 4*6. Solenoid (pilot-operated), 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. State the purpose of the sight glass In a refrigeration system. 



2. In a refrigeration system, where should the sight glass placed? 



3 ' il^be^llmlnatSd!"^ by th * Slght 9laSS * 1dent1fy the three wa * s b * which It 



a, 
b, 

c. 



4. State the purpose of pressure relief valves. 



5. State when will the following relief valves operate. 

a. Fusible plug - . 

b. Ruptured disk - 

c. Spring-loaded safety valve - 

6. What are water valves used for In a refrigeration system? 
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IS. Identify tht two typts of solenoid valves that you may work with, 
a. 



b. 



Work Unit 4-2. EXPANSION VALVES AND CAPILLARY TUBES. 

LIST THE CONSTRUCTION FEATURES AND GIVE THE OPERATING PRINCIPLES OF AUTOMATIC 
EXPANSION VALVES. 

EXPLAIN THE AUTOMATIC EXPANSION VALVE'S OPERATION DURING AN INCREASE IN HIGH SIOE 
PRESSURE AND A FLUCTUATION IN HEAT LOAD. 

OESCRIBE THE CONSTRUCTION FEATURES ANO OPERATING PRINCIPLES OF THE THERMOSTATIC 
EXPANSION VALVE. 

STATE WHERE THE THERMAL BULB SHOULO BE LOCATEO UNOER SPECIFIC CONDITIONS. 

COMPARE THE VARIOUS REFRIGERANT CHARGES OF THE THERMAL BULB. 

BRIEFLY DESCRIBE A CAPILLARY TUBE. 

STATE WHEN AND HOW TO REPLACF A CAPILLARY TUBE. 

EXPANSION VALVES . 1n tht early days of mechanical refrigeration, were manually 
operated. This typo may still be used 1n some systems, but most of them have been replaced 
with modern expansion valves. 

This valve was developed to control the flow of liquid refrigerant to the evaporator 
automatically by maintaining a constant evaporator pressure. The AUTOMATIC EXPANSION VALVE 1s 
essentially a PRESSURE-REGULATING VALVE (sometimes called a constant pressure valve). It Is 
designed to maintain a constant pressure \r> the evaporator, regardless of changes 1n heat 
loads or high side pressure. 

The AUTOMATIC EXPANSION VALVE (AEV) (fig 4-7) consists of a closing spring (P 3 ) 
which pushes upwaro to close the valve, a needle and needle seat, drive pins which push on the 
needle carrier to open the valve, a diaphragm, an opening spring (Pi), an adjusting screw, 
and a vent hole to allow atmospheric pressure (P4) to press downward on the diaphragm. 




Fig 4-7. Automatic expansion valve. 



In modern automatic expansion valves, the area above the diaphragm 1s filled with 

r!i a ~!!lVr£ a1r ? r n l tr °9 en 9? s - Th1s 1s done to keep out moist air, which might form 1ce 
and prevent the spring from opening, it also acts as a cushion and affects the diaphragm 1n 
the same way as atmospheric pressure. 



High-pressure, high-temperature liquid refrigerant from the liquid line changes to a 

i«H:! era 5 e r ature 1 !S uid at the Jf alve «•■*(»■• fl9 4-7). Atmospheric pressure (p 4 ) pushes 
downward to open the valve. Closing spring pressure (P 3 ) pushes upward to close the valve. 
These pressures, being equal and opposite, cancel out each other and need not be considered. 
Tnerefore, the only pressures to consider are opening spring pressure (Pi) and evaporator 
Zlll U . re \l z) "^"closes * he valve. Figure 4-8 and 4-g Illustrate this. The evaporating 
pressure Is varied by changing the pressure on the opening spring with the adjustlngscrew. 

I U ri« n ?^ screw clockw1se Increase the evaporator pressure; counterclockwise decreases the 
evaporator pressure. 



Y Y 
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F1g 4-8. Pressure on automatic expansion valve diaphragm. 



OPENING SPRING 

Pl 

T DIAP HRAGM 

A 
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F1g 4-9. Operating pressure on automatic expansion valve. 



- — ♦ Du * i I!2 norm *J operation, the valve 1s approximately three quaters open. A slight 
movement of the needle is necessary to regulate the refrigerant flow and to keep the 
evaporator pressure almost constant. When the compressor stops, the valve remains open for a 
moment. During this time the evaporator pressure overcomes the opening spring pressure and 
thus closes the valve. As the evaporator warms up during the off cycle, Its pressure rises 1n 
accordance with the pressure-enthalpy (P-E) chart and may be several ps1 above normal 
operating pressure. The higher the pressure the tighter the valve closes. 
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When the compressor starts, the valve does not open Immediately. This factor 1s an 
Important advantage, because the compressor motor 1s not overloaded on start-ups. The valve 
will not open until the compressor reduces the evaporator pressure to the pressure setting of 
the valve. As the compressor reduces the evaporator pressure (Pp), 1t becomes less than the 
opening spring pressure (Pi) (see fig 4-10). This action opens the valve. It opens to such 
a position when the opening spring pressure and the evaporator pressure are 1n balance. 



When the condensing temperature Increases, the h1gh-s1de pressure also Increases. 
This Increase 1n pressure will force more refrigerant through the valve and thus Increase the 
evaporator pressure. The valve becomes unbalanced, causing 1t to close slightly and reduce 
the refrigerant flow and evaporator pressure, but the evaporator pressure will return to the 
valve setting. The valve should maintain a fairly constant pressure 1n the evaporator. It 
r.hould not fluctuate more than 1/4 ps1 during operation. 

Lets consider now a system containing refrigerant R-12; the evaporator pressure 1s at 
21 ps1 and Its temperature 1s at 20° F. When a heat load 1s added to the system, 1t causes 
the refrigerant to vaporize faster. This causes a rise 1n evaporator pressure and point V 
(see fig 4-11) moves to the right. This Increase 1n evaporator pressure tends to close the 
valve allowing less refrigerant to enter the evaporator; therefore, the evaporator 1s less 
active. 




Fig 4-10. Opening spring pressure. 
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F1g 4-11. Automatic expansion valve during heat load. 



A decrease 1n heat load would have an opposite effect. When the evaporator pressure 
decreases, 1t tends to open the valve more- Point V would move to the left, flooding the 
evaporator. Under this condition, liquid refrigerant could enter the compressor. This 1s a 
major disadvantage of the automatic expansion valve, it starves the evaporator when the heat 
load 1s Increased and floods the evaporator when the load 1s decreased. 

, ™ e THERMOSTATIC EXPANSION VALVE (TEV) 1s a further development and Improvement of the 
automatic expansion vaive, and it was first introduced to the refrigeration Industry 1n the 
late 1920s. Its purpose 1s to regulate the flow of refrigerant entering the evaporator, 
maintaining a fully active evaporator regardless of the heat load and pressure changes. It 
does this by maintaining a constant degree of superheat. ( SUPERHE AT 1s heat that 1s added to 
a gas or vapor above Its saturation temperature.) 

an The thermostatic expansion valve consists of the following parts: a thermal bulb, 
capillary, diaphragm, push rods, valve seat and needle, spring, and an adjusting screw (see 
fig 4-12). The thermal bulb, which 1s a power element, contains a charge of refrigerant. 
Pressure developed by the charge 1s transmitted through the capillary to the diaphragm. The 
type of charge 1n the bulb depends on the application. Charges are classified Into four main 
groups: (1) gas-charged , (2) liquid-charged , (3) cross-charged , and (4) special-charged . 

We began by saying that the thermostatic expansion valve maintains a fully active 
evaporator, regardless of the heat load and pressure changes, in actuality this 1s not quite 
true. A small portion of the evaporator 1s used for superheating the vapor, because the 
change 1n superheat controls the valve. 



127 

9 4-12 

ERIC 




F1g 4-12. Thermostatic expansion valve. 



Referring to figure 4-8 and 4-13, observe the similarity of the thermostatic and automatic 
expansion valves. Note that the opening spring (Pi) has been replaced by bulb pressure 
(Pi). Evaporator pressure (P2) 1s the same for both valves. In the automatic expansion 
valve, the closing spring pressure and the atmospheric pressure are the same, so they are not 
considered. In the thermostatic expansion valve, the closing spring (superheat spring) aids 
the evaporator pressure 1n closing the valve. 



ADJUSTABLE OPENING SPRING 



EVAPORATOR PRESSURE 
AUTOMATIC EXPANSION VALVE 



BULB PRESSURE 



EVAPORATOR 



SUPERHEAT 



PRESSURE SPRING 



THERMOSTATIC EXPANSION VAlvE 



F1g 4-13. Comparison of pressures on expansion valve diaphragms. 
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The operating pressures of both types of expansion valves are compared 1n figure 
4-13. Both valves have P] and P2, but the thermostatic valve has an additional pressure 
P3, which helps close the valve, in the thermostatic expansion valve. Pi 1s equal to 
?9t thus balancing the valve, in the thermostatic valve, 1t 1s Pi « Pi + ?3. meaning 
that the evaporator pressure plus superheat spring pressure 1s equal to bulb pressure when the 
valve 1s 1n balance. 




F1g 4-14. Normal operating system with R-12 refrigerant. 



Now look at figure 4-14, both the system and the valve contain R-12. Point V 1s the 
point of complete vaporization. The temperature of the liquid and vapor from point V to point 
A 1s the same. The location of point V 1s not too Important, but the temperature at point V 
1s. The temperature at point V can be known by converting suction pressure to temperature. 
In figure 4-14, the suction pressure, as can be seen by the gage, 1s 21 ps1. The temperature 
from A to V 1s 20° F. Now, lets find the amount of superheat. Attach the bulb of a 
superheat thermometer at point C (see fig 4-15). This 1s 30° F. Convert the suction 
pressure to temperature; 21 ps1 - 20° F, which 1s the temperature at point V. Subtract the 
temperature at point C: 30° - 20° F ■ 10° F superheat. 




F1g 4-15. To find superheat. 
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The thermal bulb should be clamped to a horizontal suction line near the evaporator 
outlet* Clean the suction line throughly before clamping the remote bulb 1n place; On 
suction lines under 7/8 Inch 00, Install the remote bulb on top of the line, and on 7/8 Inch 
up to 2-1/8 Inches 0D» Install the bulb at the position of 4 or 8 o'clock (see fig 4-16). On 
lines 2-1/8 Inches and larger, place the bulb Inside the suction line. 




Fig 4-16. External bulb on suction line. 



The thermal bulb must never be Installed where the suction line 1s trapped as shown 1n 
figure 4-17. A collection of liquid refrigerant at the bulb's location will cause Irregular 
operation of the expansion valve. Large fluctuation 1n pressure and superheat of the suction 
gas usually results from trapped liquid at the bulb's location. Even on properly designed 
suction lines. 1t 1s sometimes necessary to move the bulb a few Inches either way from the 
original location to obtain the best valve action. ALWAYS locate the bulb on the evaporator 
side of the heat exchanger. 

When the remote bulb 1s outside the refrigerated space, both the bulb and the suction 
line must be well Insulated from the surrounding ambient temperature. The Insulation must 
extend at least 1 foot or more on both sides of the bulb. When the thermal bulb 1s Inside the 
refrigerated space, the temperature difference between the evaporator and space 1s not usually 
large enough to adversely affect expansion valve operation. 




EXPANSION VALVt 



F1g 4-17. Remote bulb location showing trap. 
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Figure 4-17 Illustrates one of the more common Incorrect remote bulb applications that 
may cause valve -hunting- and -flood back.- Liquid may be trapped 1n the suction line It the 
evaporator outlet, causing the loss of operating superheat and resulting 1n Irreguar valve 
operation due to the alternate drying and filing of the trap. Figure 1-1 8 IK the plplna 

™t t I ap /2 0W,d * This allows for free drainage away from the remote bulb 
location. -Hunting- of the expansion valve can be defined as the alternate over feeding and 

S^l!! 9 ^!!!! e «£ r " t0r, c, It iS /?£°??) zed by extreme c * cle chan 9 es 1n b °t h the superheat 
and the suction pressure. Figure 4-19 Illustrates the proper remote bulb location to keep 
trapped oil or liquid from affecting the expansion valves 1 operation when the suction line 
must rise at the evaporators' outlet. 




EXPANSION VALVE 

F1g 4-18. Remote bulb location showing free draining. 



I EVAPORATOR 



1 

ih 



F1g 4-19. Recommended remote bulb location 
and schematic piping for rising 
suction Hne. 



i I h ?I™ stat1 c expansion valves require a different type of refrigerant charge 1n the 
thermal bulb for each temperature range, see figure 4-20. The dividing Hne between the 
?e i!o e 2 t «?l!ir.^M! not k c ] ear ?ut. A aas-charge valve may be used with a temperature as low 
as 26 w F without too much loss 1n efficiency. Also, a cross-charged valve may be used where 
the temperature reaches 35° to 37° F. 
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GAS CHARGED 



LIQUID CHARGE 



CROSS CHARGE 



SPECIAL CHARGE 



Fig 4-20. Temperature ranges of valves. 



The GAS-CHARGEO VALVE BULB contains the same type of refrigerant as used In the 
system. The amount of refrigerant Is limited so that at a predetermined temperature all 
refrigerant has vaporized. This limits the amount of pressure that can be exerted by the bulb 
and is called M.O.P. (Maximum Operating Pressure). Any time the evaporator pressure becomes 
greater than the M.O.P., the valve closes and remains closed until the evaporator pressure Is 
reduced below .the M.O.P. The main advantages of the gas-charged valve are: (1) It prevents 
flooding of the evaporator during the OFF cycle; (2) It allows rapid pulldown; and (3) It 
prevents overloading of the compressor motor. Its main disadvantages are that It cannot be 
used on low temperature applications, and that the body of the valve must not become colder 
than the bulb. If It does, the charge will condense In the body of the valve, and the control 
by the bulb will be lost. 

The CR0SS-CHARGE0 VALVES use a different fluid In the power element than the 
refrigerant used in the system. The cross-charged valve Is especially useful In low 
temperature applications. The cross-charged valve creates a high Initial superheat which 
tends to prevent flood back and motor overload during the Initial pulldown. At high 
evaporator temperatures, the valve maintains a very high superheat; as the evaporator 
temperature lowers, the superheat gradually returns to normal. When the compressor stops, the 
valve closes quickly to prevent flooding of the evaporator. 

Ultra low temperature refrigeration (-40° F and less) uses a SPECIAL-CHARGEO VALVE . 
Each application requires its own specially engineered valve. Before changing the type or 
size of these valves, consult the valve's manufacturer. 

LIQUI0-CHARGE0 VALVES contain the same refrigerant as the system does. This type of 
valve operates on the principle of expansion or contraction of a liquid as It changes 
temperature. The advantage of this type Is that the valve will control refrigerant flow even 
If the valve body is colder than the thermal bulb. One main disadvantage is that, during the 
Initial pulldown when the compressor starts, the evaporator temperature Is immediately 
reduced. Since the thermal bulb Is not cooled as fast as the evaporator, the pressure 
difference across the diaphragm tends to open the valve completely with a possibility of 
floodback. It also Imposes a maximum load on the motor during pulldown, and It delays suction 
pressure pulldown. Ourlng the OFF cycle, the bulb may warm up enough to open the valve. This 
will flood the evaporator and cause floodback on start-up. 

Liquid-charged valves must contain some type of pressure limiting device, so they cost 
more than gas-charged or cross-charged valves. Nevertheless, 1f the valve body must be 
located In an area that Is colder than the thermal bulb, you must use a liquid-charged valve. 
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allowing the spring to close the vaiu* Th« ^11 P r " 5U ; e » tne cartridge collapses, 
pressure 9 has be'en reduced"?! ^NhS^ln t2 ttrtrtdS" rema1n Cl ° Sed Unt11 the eva P° rator 



PtESSURE— CHARGED 
MECHANICAL CARTRIDGE 



OUTLET 




DIAPHRAGM OR 
COLLAPSIBLE MEMBER 



F1g 4-21 . Pressure limiting device. 



UBE, located between the condencer and evaporator (see f1a 4-22. 1 



The CAPILLARY TUBE , 
used on practical I y ai I sma 



S 

room 



BOX TEMPERATURE 40° F * — 




AMBIENT TEMPERATURE 80°F— * 



F1g 4-22. Capillary tube 1n refrigeration system. 
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The capillary tube 1s designed to create enough resistance so that the pressure drop 
will allow the liquid refrigerant to begin to vaporize. This will occur near the inlet of the 
evaporator, where Its temperature 1s woled to the evaporator temperature and pressure. The 
capillary tube equalizes during the OFF cycle, minimizing the starting load on the 
compressor. Under the low load condTSTon, f>wer starting devices and less current will be 
required for the compressor motor. With the capillary tube the refrigerant charge 1s 
CRITICAL. Only a limited amount of refrigerant can be placed 1n the system. If too much 
refrigerant 1s 1n the system, the evaporator pressure will be above normal and the suction 
line will frost to the compressor. If there 1s not enough refrigerant, the evaporator will be 
starved. The tube 1s easily clogged or bent. A filter strainer should be Installed at the 
Inlet of the capillary tube to prevent dirt and foreign matter from clogging the tube. 

A broken or plugged capillary tube requires to be replaced with exactly the same 
capillary tube as the original 1n Its length and Inside diameter. Approximately the same 
length of the replacement should be soldered to the suction line to make a heat exchanger. 
The variations 1n diameters of some capillary tubes are shown in figure 4-23. 



CAPILLARY TUBES AND WIRE SIZES COMPARED 



OD I]) AWG SIZE 

.083 .031 No. 21 .028 

.094 .036 No. 20 .032 

.109 .042 No. 18 .0403 

.114 .049 No. 17 .045 

.120 .055 No. 16 .0508 

.130 .065 No. 16 .064 



F1g 4-23. Capillary tube diameter. 

Many refrigerators have a capillary size of .114 Inch outside diameter, (OD) and .049 
Inch Inside diameter (ID) when used with R-12. Of course you can check the outside diameter 
with a micrometer, and the Inside diameter with a wire. Notice that both the gage and 
d ameter ofwlres are compared with capillary tube diameters 1n figure 4-23. Do not try to 
force a wire Into a capillary tube to check the Inside diameter. Also, make certain that the 
wire has not been burred on the end while being cut. You can check the d "tterof a wire 
with a wire gage of a micrometer. In any case, the correct size wire should slip easily into 
the capillary tube. 

When exact replacements are not available, you may Install an adjustable capillary 
tube 1n the system. In this case, the capillary tube should be cut to equal the length of the 
one which It replaces. A heat exchanger of the same length 1s made by soldering the capillary 
?o the suction 1 5? Note that the ends of the capillary should be cut with a tube cutter to 
get a uniform end. Also, swage the appropriate ends of the tubing so that the capillary can 
be soldered Into the system 

Note- KEEP THE ENDS TAPED OR PLUGGED WITH RUBBER CAPS TO KEEP MOISTURE OUT WHILE THE 
— SYSTEM IS OPEN IF FITTINGS ARE AVAILABLE, THE TUBING MAY BE QUICKLY JOINED. 

HOWEVER, BECAUSE SUCH FITTINGS ARE EXPENSIVE, MOST SHOPS WILL USE A TORCH AND 

SOLDER THE CONNECTIONS. 

After you have Installed the capillary tube, evacuate It. dry It, charge 1t with 
refrigerant, and test 1t for leaks. For the replacement capillary tube with an external 
adjustment, set the capillary adjustment so that the evaporator frost evenly. Then make a 
flnal^hSck for proper adjustment by seeing that the lines to and from the evaporator are not 
frosted. 



134 

4-19 



EXERCISE: Answer^ "J^g**- and check yo ponses aga i„st those listed at 

1. List the construction features of an automatic expansion valve. 



a. 
b. 
c. 
d. 
e. 
f. 
9* 



2. How Is the evaporator pressure varied? 



3> SuHng nEl'op.!.'; ° f th6 " eedle 1n the auton,at1c e *P ans1 °" valve 



4. How does the automatic valve function during the off cycle? 



5. 



6. 



How does the expansion valve operate when the compressor starts? 



s H ?3e d ;"ssu h r e e? Ut0n,at1C eXPanSl ° n valve functl0n dur1n 9 a " 1n «=rease in the high 



. How does the expansion valve operate during the following? 
a. Increase in heat load: 



b. Decrease in h at load: 
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8. List the construction features of the thermostatic expansion valve. 

a. , 

b. 

c. 

d. 

e. 

f. 

9- 

9. What Is the principle of operation of the thermostatic expansion valve? 



10. Identify the uses of the four different refrigerant charges used In the thermal 
bulbs. 

a. Gas-charged: 



b. Liquid-charged: 



c. Cross-charged: 



d. Special -charged: 



11. What does a capillary tube do? 



12. When should a capillary tube be replaced? 



Work Unit 4-3. MOTOR AND SAFETY CONTROLS 

CITE THE PURPOSE OF MOTOR CONTROLS. 

STATE HOW THE THERMOSTATIC MOTOR CONTROL OPERATES. 

CITE THE TYPES OF MOTIVATING UNITS AND THEIR OPERATING CHARACTERISTICS. 

GIVE THE OPERATING CHARACTERISTICS OF A LOU PRESSURE MOTOR CONTROL, AND STATE HOW 
TO ADJUST IT. 

DESCRIBE SOME OF THE COMMON TROUBLES OF A THERMOSTATIC MOTOR CONTROL. 
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Tht principle of operation of tht TMC It a bade law of physics which states that 
matter will txpand whan haatad and contract whan cooled. If you apply heat to a sealed 
container that Is completely filled with water, the pressure built up due to the heating could 
burst the container. If the temperature Is reduced, the pressure exerted on the sides of* the 
container also reduces. This physical law holds true If the container holds a liquid, a gas, 
or a combination of the two. 

The TMC consists of two major parts: a housing, containing the operational lever 
mechanism, and a power element which Is attached to the housing. The power element can be 
further broken down Into three parts: a "feeler" bulb, a capillary tube, and a bellows. The 
three parts of the power element are connected together and are hollow. Inside this hollow 
element, there Is a refrigerant charge of liquid, gas, or both. This charge Is completely 
Independent of the charge In the unit Itself. The charge Is very critical. Any leak, no 
matter how small, will render the power element inoperative. 




ttOV SINGLE PHASE 
COMPRESSOR MOTOR 



Fig 4-26. Location of motor control. 



The bulb of the power element Is located In such a position as to be sensitive to ^ny 
change In the temperature of the control space. For domestic units, this location s on che 
evaporator so as to control the evaporator temperature. It might also be fastened inside the 
refrigerated space. 

Any rise In temperature will heat the bulb, causing the charge to expand. This 
expansion will be transmitted through the capillary tube to the bellows,^ causing tallows 
to expand. A short push rod Is attached to the bellows and Inserted Into the housing to rest 
against one end of the lever system. The pressure of the power element will expand the 
bellows, pushing the rod against the lever. This lever will cause other levers to move, and 
the net result will be a set of electrical contact points closing. The closing of the points 
will cause the motor to start and the unit to be In operation. 

As the temperature at the feeler bulb drops so will the temperature of the bulb drop. 
This causes a drop In power element pressure which reduces the push on the lever system. The 
lever system has a spring that opposes the power element pressure. As the «l««nt pressure 
droos. the spring pulls the points apart and stops the motor. Turning the adjusting knob 
clockwise compresses the spring, causing the cut-in temperature to rise. (More Pressure In 
opposition to the power element demands more heat on the element to close the points.) 
Turning the knob counterclockwise will decrease spring tension and lower the cut-in point. 
The TMC has a second spring that works In conjunction with the power element Instead of 
agilnst It. This spring Is used to set the "cut-out" temperaHure (on some controls) or the 
differential (on other type of controls). 



138 

4-23 



There are four different types of motivating units or devices that are used to 0D »n 
b.llo.0 to upon, or controot. This «o,.„ot opens or clo». ttalfSrtcl! «StS! 



TO PRESSURE LINE 
OR TEMPERATURE BULB 




TO POWER SUPPLY 



F1g 4-27. A bellows. 



A DIAPHRAGM type power element (fig 4-28) 1s used 1n some controls The com D i»t» 
power element consists of a thermal bulb, capillary tube, and dlaphrlgl filled IlSTJ iSuld 
UK*'* K Change ! 1 !! tera P eratu ' ,e ^e bulb will cause an Increase In the villi of Jhi fioJld 
it r a" e s q w U i e t n c t h Change in th6 ^ r ^' ™ S raoveraent of the ^ ™ P^or'c e 1 * 



TO PRESSURE LINE 
OR TEMPERATURE BULB 




TO POWER SOURCE 



Fig 4-28. A diaphragm type power element. 



« * MBpOlBE (fig 4-29) 1s used 1n some pressure controls. The bourdon tube 1s the 
^«ht™%P7P^r eSSUre and vacuura 9«g«- An Increase In pressure Sill tend to 

fftS^tJfl^a.' decrease in p 1,1 cause n to cur1 "*» 2SL2t of 
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A BIME TALLIC ELEMENT (fig 4-30) 1s used 1n a1r-cond1t1on1ng thermostats. The element 
consists of two dissimilar metals fastened securely together. A change In temperature will 
cause the strip to bend. This motion opens or closes the electrical switch. Bimetal strips 
are classified as a temperature regulating or Indicating device which works on the principle 
that two dissimilar metals with unequal expansion rates, welded together, will bend as 
temperature changes. Used as a thermostatic motor control, the entire control must be located 
Inside the refrigerated space (room thermostat). 



LO-EXP METAL 
HI-EXP METAL / ^\ " 7S 



CANTILEVER 




SPIRAL 



ARROW INDICATES DIRECTION OP MOTION UPON 
APPLICATION OP MEAT. 

THE ABOVE PIOURE IS AN EXAGGERATED EXAMPLE 
DP MOVEMENT OP THE UHANCHORED END OP THE 
BIMETALLIC ROOM THERMOSTAT ON AN INCREASE 
IN AIR TEMPERATURE SHOWN BY ARROWS 



Fig 4-30. A bimetallic element. 



On studying the operation of a LOW-PRESSURE MOTOR CONTROL (LPMC) , the first question 
that comes to mind 1s: How can a pressure activated device control temperature? Actually the 
answer 1s simple. Remember that the pressure above a liquid determines Its boiling point. 
This characteristic 1s reliable and definite (refer to a temperature-pressure relationship 
chart). Refrigerant 12 under a pressure of 37 ps1 will boll at 40° F. Going one step 
further, 1f you have a system that uses R-12 and controls the evaporator pressure at 37 psl , 
you can expect a temperature of 40° F. Therefore, you have controlled the temperature by 
controlling the pressure. Tne motivating units for a pressure motor control are the same as 
the thermostatic motor control, with the exception of the bimetallic elements, which are 
strictly temperature sensitive. 
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There are many variations 1n the characteristics of individual twn«c m «*«- 
is to Jt'mJ^ZES^ 

temperature, convert these temperatures to pres P sur!^ and •« th^StSi SPtS?. - "^ 
EEw.S AS T ? n S X "" ple ' the desired tempe P raiures are Wto W»T3 nI j-22 5! a 
3 ?i 9 !S nsi T St P ;L Ch ' r J S ?°E *!* R " 22 P roduce th«M temperaSures ai a Jressure of 
temperatur P e * * ^ C ° ntr01 * r th6S8 pr6SSures and the un1t °p"»" JAS desired 



Note; 



SpeWeI?J S tS E IIS? ?nnn E in2L?2? TROLS ' THE 0PERAT0R « UST HAVE ENOUGH 
EXPERIENCE TO HAKE GOOD APPROXIMATIONS OF THE DESIRED OPERATING TEMPERATURES. 





40 




40 






30 




30 














CUT OUT POUNDS 


20 




20 


CUT IN POUNDS 




10 




10 






0 




0 





F1g 4-31, Cut-in and cut-out. 



thP f<ail he rt* 1 Pr0bl ! m iS t0 determ1ne the adjustments that are to be made on a control 1n 
the field. There are two common adjustments of low-pressure control*, m Lw? m f«?; I 

pressure control en a walk-1n refrigerator using R-12 refrigerant sh Jul d cut?1n at'25 nS 1 ^ 



Note: 



ADJUSTING THE CUT-IN AND CUT-OUT (CUT-IN AND DIFFERENTIAL) TOO CLOSE totfthfo 
SHO^S- C CYC S L E ING HE UNIT T ° CYCLE ° N A "° ° FF T °° QUI ""' ™" IS KNO^™'™" 




F1g 4-32. Cut-in and differential. 
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Thermostatic motor controls are very delicate Instruments. However, If they are not 
misused, they will jive years of trouble free service. Thermostatic motor controls are 
subject to several troubles, each of which usually requires replacement of the complete, 
control. Some of the more common troubles are discussed. 

Occasionally, the power element will lose part or all of Its charge. This charge Is 
verv small and any oss at all will cause the unit to fall. A kinked or clogged capillary 
tZ wll give tS same indication as a loss of charge. Usually a power element failure 
requires the replacement of the complete control, but you can get replacement power elements 
for some controls. Needless to say, great care must be taken to ensure that you have the 
correct replacement Item. 

Even though there Is snap action when the points open and close, they will burn. When 
this happens, the points will either stick closed or become pitted and never close. In some 
cases, the points can be filed and the control will operate satisfactory for a Period of 
"2. This is only a temporary repair however, and the control should be replaced as soon as 
possible. 

The parts of a TMC are light and do not move very far, but they do move many, times 
each day. One should not become to concerned about wear unless the unit has been In use for a 
long time. 

Low and high voltages, high current flow, frayed Insulation, bad electrical contacts, 
and various other electrical malfunctions will cause the TMC to fall. Electrical troubles can 
often be located and repaired without having to replace the control. 

TINKER IT IS . this malfunction 1s caused by unauthorized personnel attempting to adjust 
the con trols, when this condition Is found, readjust the control and Instruct the user n the 
correct funrtlon 2d purpose of the control. Also. Indicate that adjustment by unauthorized 
personnel usually results In Inefficient operation. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. Cite the purpose of motor controls. 



2. State the principle of operation of a TMC. 



3. One of the major parts of a TMC Is the power element. Of what does It consist and 
how does It work? 



4. What are the four types of motivating units that are used to operate contact 
points? 



a. 
b. 
c. 
d. 
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5. What Is the principle of operation for an LPMC? 



. How Is the cut-in and cut-out pressure adjusted on the LPMC? 



. Explain how you would adjust an LPMC's cut-in and differential pressure. 



:. Describe the following troubles of a thermostatic motor control: 
a. Loss of charge: 



b. Burned contacts: 



c. Wear: 



d. Electrical: 



e. Tlnkerltls: 



Work Unit 4-4. ELECTRICAL MOTORS 

NAME THE TWO BASIC TYPES OF ALTERNATING CURRENT (AC) MOTORS. 

NAME THE THREE TYPES OF OPEN MO^ j USED TO DRIVE COMPRESSORS. 

NAME THE TWO TYPFS OF MOTORS m COMMONLY FOUND IN HERMETIC COMPRESSORS. 

The compression type of refrigeration system must have a power or enerov source to 

iTVS ^ PreS ?°r* T 5 e ele ? tr1c rootor 15 the »«t P°P«l«r for Small and S S uftts 
It 1s simple, quiet, and can be easily set up for automatic control. 

Refrigerating systems operate either with an open or sealed-ln (hermetlcl mntnrc tk« 
open motor drives the compressor directly off the shaft or by means of a beVt. Th™sMled-ln 
SirKtT ^ 15 bUlU 1nSlde the "pressor dome. I? usually drives the compressor 

motor, B anJ«r^)! tin9 cu r ren 5 (AC) and d1rect current (° c ) ra W ° e used to operate electric 
Sft SSnSSX^J^SSTSR ~ * used - -rrenx motor?!?.' 1 ' 

Motors are basically classified into two main divisions: SINGLE-PHASE and POLYPHASE. 
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In this work unit we will discuss some of the electrical motors that you may encounter 
1n your job. Me will discuss single-phase and polyphase Induction motors, AC/DC universal 
motors, and synchronous motors. 

First, lets 1 take a close look at the principles of operations for AC motors. 

The speed of rotation of an AC motor depends upon the number of poles and the 
frequency of the electrical source of power: 

RPM ■ 120 X frequency 
number of poles 

Since an electrical system operates at 60 cycles (hertz), an electric motor at this 
frequency operates at about 2-1/2 times the speed of the old 25 cycle motor with the same 
number of poles. Because of this high speed of rotation, 60 cycle AC motors are suitable for 
operating larger refrigeration systems. 

Alternating current motors are rated 1n horsepower output, operating voltage, full 
load current, speed, number of phases, frequency, and whether they operate continuously or 
Intermittently. 

All single-phase Induction motors have a starting winding (see fig 4-33) since they 
cannot be started with only the single-phase winding on the stator. After the motor has 
started, this winding may be left 1n the circuit or be disconnected by a centrifugal switch. 




WINDING 2. (RUNNING WINDING) 



Fig 4-33. Single-phase motor with capacitor starting winding. 



Both single-phase and three-phase motors operate on the principle of a rotating 
magnetic field. As a simple example of the principle of the rotating field, Imagine a 
horseshoe magnet held over a compass needle. The needle will take a position parallel to the 
magnetic flux passing between the two poles of the magnet. If the magnet 1s rotated, the 
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compass needle will follow. 

♦i. r « ta J i I! 9 raa 9 net1c f1eld ca D "e produced by a two-phase or three-phase current 
!IE 9 T^ r0U & tW ° ° r r° re grou S s °t co1ls wound on 1nward l* Projecting piles of an Iron 
S2;,r-^tS]»2 ° n i ea $5 grOU 2 of P oles ar ? wound alternately In opposite directions to 
produce opposite polarity, and each group 1s connected to a separate phase of voltage. 

. J 0 ","" understand this action with the aid of figure 4-34, which shows a four Dole 
stator field energized by two windings connected to two separate phase voltaoes winding No 
Io°t STi^J* 90 °?<° f ? ha ? 6 w1th w1nd1n 8 No.2. which SSefth! ££S n w nd ng N °' 
2?'JhI°*r Md the Curren J 1 " w1nd "8 No. 2 by goo, or by 1/240 second, assuming the frequency 

anVtt'wlK StVlSK 1 " SeCOnd ' W1nd1n9 N ° J " n -ferred 9 t 0 h L f ST 




POSITION ■ 



PHASE I 



sec 




POSITION C 



POSITION 0 




PHASE I 




PHASE I 



F1g 4-34. Production of a rotating magnetic field. 

The direction of the magnetic field 1s Indicated by a magnetic needle (considered as a 
JS^S pol f/°r clarity). The needle will always move to iVl^St^twIiniM 5th 
StUB^M V"* Pa " ? 9 , f l™ pole t0 pole - N °t1ce the phase relationship of the two P 

to S e L7fl C 5n a «^f P S 11e H J? the , tw ? pha S e w1nd1n 9 s of f1eld - 1 supplies Jurrent 

to the colls on pole A and A\ and phase 2 supplies current to the colls on X r mhrT 
The two currents are 90<> out of phase, with phase 1 leading. P B and B . 

At position B, the current 1n phase 1 1s at a maximum and the Doles of A and A" ar» 
fully magnetized. The poles of colls B and B' are not magnetized, si nee the currSt In SLe 
LllJFV* J9!K or, 5 V! e "? gnet c needle P° 1nts 1n the direction shown. At Ssltlo! C. thS 
cons b Inf l nh«f n p A L P 5" e U 5 aS ft 6 ™* to the same value to which the currSnt In 
coils B and B' phase 2, has Increased, since the four poles are now eauallv mann*H7AH IL 

;re?t!ln t So2! ,d 15 concentrated raidway between ^£"™^mU8^.-& 

^VA" cr0 ? sw1se pos1t1on * Th1s act 1o" 1s feSeSed during sSc?essl!e Seles of the 
I w?U he < a tt er ? at1 r? c " r : ents . «d the magnetic needle continues to revolve 1?th! $2e 
t d!f Jf\he Silll fl6ld raroe 95 l0n9 " the tw0 phase currents are ^ to the S3 
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In an Induction motor with two poles for each phase winding, the north pole would 
glide from one pole to the other 1n 1/120 second and make a complete revolution of 1/60 
second, which would be at the rate of 3600 rpm. If the compass needle 1s replaced by an Iron 
rotor wound with copper bar conductors (usually called a squirrel cage rotor because the 
conductors resemble a squirrel cage, as shown 1n figure 4-35, a secondary voltage 1s Induced 
1n the conductors by mutual Induction much 1n the manner that the secondary voltage 1s 
developed 1n a trans former • 



Current flowing 1n the conductors produces a magnetic field which reacts on the 
rotating magnetic field and causes a rotation of the Iron core similar to the rotation of the 
magnetic needle. The direction of rotation may be reversed by reversing the connections of 
one phase. 

The stator windings of a SHAPED-POLE MOTOR differ from other single-phase motors by 
definitely projecting field poles (see fig 4-36). A low resistance, short circuited winding 
or copper band 1s placed across one tip of each pole, from which the name "shaded-pole" 1s 
derived. As the current Increases 1n the stator winding, the flux Increases. A portion of 
this flux cuts and Induces a current 1n the shaded winding. This current sets up a flux which 
opposes the flux Inducing the current; therefore, most of the flux passes through the 
unshaded portion of the pole, as shown 1n figure 4-36. When the current 1n the winding and 
main field flux reaches a maximum, the rate of change 1s zero, so no electromotive force 1s 
Induced 1n the shaded winding. A little later the shaded winding current, which lags the 
Induced electromotive force, reaches zero, and there 1s no opposing flux. Therefore, the main 
field flux passes through the shaded portion of the field pole. This results 1n a weak 
rotating magnetic field with sufficient torque to start small motors. Because of the low 
starting torque, shaded-pole motors are furnished 1n ratings up to approximately 1/25 
horsepower and are used with small fans, timing relays, small motion picture projectors, and 
various control devices. Shaded-pole motors are designed for a specific direction of rotation 
that cannot be changed after the motor 1$ assembled. 




'STATOR UMNOttt 



Fig 4-35. Shaded pole motor stator windings. 



FLUX PATH 




•SHADED WINDINOS 



Fig 4-36. Flux path 1n a shaded-pole motor. 



ERLC 



4 - 31 146 



SPLIT-PHASE MOTORS contain two windings, the main winding and the starting winding 

wound with fewer turns of small size wire and has Iron on only two sides J 11.21*1. h,. 

iTs rf « UCt ; n . C % than th r a1 " l . w1nd1n 9' wh1ch h " 4 rSslStJnJranl "%urrou5SeS bTlron on 
all sides except one. When the same voltage 1s applied to both windings the current in ?h. 

SffitSlffBiMa 1 ? WL m than th ° curre " ? 1n «• start? g 1 SinS T hU prodlc ! a 

out S Jtarl n IrfSlmfft^'iSi?! h1gh res1stanc e of the starting winding will Srn 
out tne starting winding 1f allowed to run any length of time. This 1s the most freouent 
cause for failure of split-phase motors. The split-phase motors are usually furnUh2rf ?„ 
ret ngs from 1/60 to 1/3 horsepower and are desirable" for 5?S SachJne lUls 0 }?!ce 

S XI; tie 0 =; aaj! 4 ^" mot - !? jartf 




_ STARTING 
WINDING 



MAW WINDING 

Fig 4-37. Schematic of a single-phase, split-phase motor. 



„„, tn !S?^ A ^ CIT g R - START T g 0T0R 1s 50 called because a capacitor Instead of resistance 1s 
used to split xne pnases. The capacitor, usually mounted on top of the motor is usually 
connected In series with the starting winding to provide th! necessary shit? In Hi JlL nt 
the current flowing through 1t. This capacitor 1s usually InSrmltSJtly rated and JSt L f 
Jlrnani!™ ted f ? r < , n0r,na i "P-wtlon. This disconnection 1s usually donl bJ a wntrlfuSl 
mechanism mounted on the rotor. When the motor 1s stopped, the switch closes and Is In th. 
correct position when the motor 1s started again. The capacitor ty£ motor has a hian!r 
starting torque at less current than the split-phase motor and also JrKlSes a areSler 
capacity. Capacitor-start motors are US(jall furn1shed 1n ^j;^ J! to J^Jrwoower 
and are used on compressors, pumps, fans, and machine tools. norsepower 

*h The PERM ^ENT-SPLI T CAPACITOR MOTOR 1s similar to the capad tor-start motor, exceot 
that the Permanent capacitor (see fig 4-38) 1s connected In series with the stlrtlnj P 



CAius tmao 

TOOCTHEI 



MAIN WINDING 




KRMANENT 
CAPACITOR 



STARTING 
WINDING 



F1g 4-38. Schematic of a single-phase permanent-split capacitor motor. 
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winding permanently and 1s not removed from the circuit during operation by a centrifugal 
switch. This eliminates the need for a centrifugal switch and switch mechanism. The 
capacitor 1s continuously rated and 1s selected to give best operation at full speed while 
sacrificing starting torque. Permanently split capacitor motors develop 40 to 60 percent 
starting torque and are used on easily started loads such as fans and blowers. 

The CAPACITOR-RUN MOTOR has two capacitors connected 1n parallel portions (see fig 
4-39). One, a RUNNING CAPACITtfR , 1s a continuously rated capacitor and remains 1n the circuit 
while the motor is running. The other, a STARTING CAPACITOR , 1s Intermittently rated and 1s 
used 1n the circuit during starting only. The starting capacitor 1s removed by a centrifugal 
mechanism and switch as the motor approaches full speed. Therefore, the capac1tor-run motor 
1s a combination of the capad tor-start and the permanent- split capacitor motors. This motor 
has a high starting torque as well as good running characteristics and 1s generally furnished 
In ratings of 1/2 horsepower and larger. Capacitor motors may be reversed by changing the 
leads to the starting winding at the motor terminals. 



The THREE-PHASE AC INDUCTION MOTOR 1s also called a squirrel cage motor . The rotating 
magnetic field of the three-phase motor operates 1n the same manner as a two-phase motor. The 
difference between a two-phase and a three-phase motor 1s 1n the windings. The two-phase 
windings are placed 90° apart where, the three-phase windings Instead are placed 120° 
apart. This means that the currents that produce the magnetic field reach a maximum 1/180 
second apart 1n a 60 cycle circuit. Notice figure 4-40 which shows the connection of a wye 
connected stator 1n a three-phase Induction motor. The rotor of the motor 1s represented by 
the compass needle, which points 1n tho direction of the magnetic field and revolves as the 
magnetic field revolves. The Individual current waves are shown along the phase wires as they 
actually are during operation. Notice the current 1n phase A reaches a maximum at position 1 
and at that Instant the currents 1n phases B and C are both negative. 

At position 2, 1/180 second later, the current 1s at a maximum 1n phase B and 1s 
negative 1n phases A and c. At position 3, which 1s 1/180 second latsr than position 2, the 
current 1s at maximum positive 1n phase C and 1s negative 1n phases A and B. In the diagrams, 
the magnetic field caused by the maximum positive current 1s shown 1n heavy dark lines. The 
other poles are Indicated with dotted lines. The rotor, like the single- phase motor, follows 
the rotating magnetic field of the stator winding. 

The speed of the Induction motor 1s always less than the speed of the rotating field 
of the stator. if the rotor were to turn at the same speed as the rotating field, the rotor 
conductors would not be cut by any magnetic field and no voltage would be Induced 1n them. No 
current would flow, thus, there would be no magnetic field 1n the rotor and, -hence, no torque. 

A three-phase Induction motor exerts a torque when at rest and, therefore, starts 
Itself when the proper voltage 1s applied to the stator field colls. To reverse the direction 
of rotation of a three-phase motor, reverse the leads of any two phases. 




F1g 4-39. Schematic of a single-phase dual voltage capacitor run motor. 
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I 




STATOft— DCUA -CONNCCTCO 



WTOH-WYE - CONNCCTCO 

F1g 4-40. Schematic of a three-phase sllpHng Induction motor. 

The three-phase sllprlng (wound rotor) Induction motor 1s wound with a three-phase 
drum winding. The winding are connected WYE (Y) or DELTA (a wye connection 1s shown 1n figure 
4-40), and the three leads are brought out and connected to three electrical contact rings 
(sllprlngs) which are secured to the shaft. Brushes riding on the rings are connected to an 
external resistance through which the rotor circuit 1s completed. Motors containing wound 
rotors have a high starting torque with low starting current plus adjustable speed. 

SYNCHRONOUS MOTORS are divided Into two classes according to their size and 
application. The larger horsepower motors use three-phase power and have separately excited 
salient pole rotors. The smaller motors are usually furnished as fractional horsepower motors 
and obtain their rotor excitation current through Induction. Although an Induction motor 1s 
considered as a constant speed motor, 1t 1s subject to approximately 10 percent variation 1n 
speed under various load conditions, since the operating torque depends upon the percentage of 
slip between the rotating magnetic poles and the magnetic flux of the rotor. The speed of a 
synchronous motor 1s controlled by the frequency of the alternating current power source and 
1s, therefore, maintained with a high degree of accuracy. The smaller size synchronous motors 
are constructed as reluctance motors or hysteresis motors, which are described 1n following 
paragraphs. 

The stator of a RELUCTANCE MOTOR 1s similar 1n construction to that of the 
single-phase Induction motor and may be of the shaded-pole, split-phase, or capacitor type. 
The squirrel -cage rotors have grooves cut to allow the addition of salient poles. The number 
of salient poles mounted on the rotor Corresponds to the number of rotating stator poles. The 
motor starts as an Induction motor, but, upon reaching a speed near synchronism, 1t pulls Into 
step because of the salient poles and operates at exactly synchronous speed. The reluctance 
motor, unlike the larger size synchronous motor (which has on the rotor a field winding 
supplied with direct current excitation and which operates at unity or at a leading power 
factor with high efficiency), operates at a lagging power factor and has a rather low 
efficiency. Therefore, the reluctance motor 1s used only where exact synchronous speed 1s 
required, such as 1n electric clocks, time switches, relays, and meters. 

The construction of the HYSTERESIS MOTOR 1s similar to that of the reluctance motor 
except for the rotor. The rotor ooeS not have a squirrel cage winding. Instead the rotor 
core 1s usually made of a ring of metal having permeability, such as chrome or cobalt steel. 
The highly magnetic core material retains Its magnetism over a period of time and this enables 
the rotor to reach Its synchronous speed. Hysteresis motors develop a constant torque from 
zero synchronous speed and are used in the timing devices of clocks, they will operate 
unattended for long periods of time. 

_ "?!l V l!*?*Lff TOI * s are des1 9ned for operation from either DIRECT CURRENT or SINGLE-PHASE 

ALTERNATING CURRENT and are all of the series-wound type. That Is, the field windings are 

connected in series with the armature windings. Universal motors are divided Into two types: 
the straight series-wound universal motor and the compensated series-wound universal motor. 
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The STRAIGHT SERIES-WOUND UNIVERSAL MOTOR has the field windings connected 1n series 
for opposite polarity, 1n the same manner as the field winding of any direct current motor, 
and then 1n series with the armature (see fig 4-41 ) • This type motor uses salient type pole 
pieces (see fig 4-42) for mounting the field windings and 1s usually furnished 1n larger sizes 
for special applications. The motor full speed 1s rated from 1800 rpm on the larger sizes to 
5000 rpm on the smaller sizes and no load speeds ranging from 12,000 to 18,000 rpm. since 
these motors run at dangerously high speed at no load, they are usually built Into the 
equipment being driven. This type 1s used 1n portable machines and portable equipment 1n 
general . 



FIELO WINDING 




Fig 4-41. Straight series-wound universal motor. 



LAMINATED 
STEEL 
CORE 




Fig 4-42. Salient pole laminated steel core of a universal motor. 



The COMPENSATED SERIES-WOUND UNIVERSAL MOTOR contains a main winding and a 
compensating winding connected in series with the armature (see fig 4-43), The core of this 
type of motor 1s similar to the construction of the core of the split-phase alternating 
current motor (see fig 4-44). The main winding 1s usually placed 1n the slots first and the 
compensating winding 1s placed over 1t, 90 electrical degrees away. The compensating winding 
reduces the reactive voltage present 1n the armature when alternating current 1s used. It has 
a better commutation and power factor than does the straight series-wound universal motor, and 
usually comes 1n higher horsepower ratings. Compensating series-wound universal motors are 
used with portable tools, office machines, vacuum cleaning equipment, and portable equipment 
1n general. 
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Ft« 4-4J. CoaptWtattd ttrltt-wound unlvtrsal notor. 




Flfl 4-44. SallMt polt 1 taint Ud stttl cort of a unlvtrsal notor. 



SCTcI jo* can txptcT 
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EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What are the two basic types of AC motors? 

a. 

b. 

2. What are the three types of motors that you can expect to find driving open type 
compressors? 



a. 

b. 
c. 



3. What are the two types of moturr used 1n the hermetic type compressors? 
a. 

b. 

4. What are the two types of motors that are used as condenser and evaporator fan 
motors? 



a. 

b. 

SUMMARY REVIEW 

In this study unit, you have learned the most common cycle contols and devices that 
start, stop, regulate and/or protect the refrigeration cycle and Its components. You also, 
learned how the controls respond to temperature, pressure and humidity to control the 
operation of the system. In addition, you learned the different types of motors that are 
employed 1n refrigeration systems and the protective and control devices used to control the 
motors. 

Answers to Study Unit #4 Exercises 
Work Unit 4*1. 

1. It 1s used to visually determine 1f a refrigeration system has a sufficient charge. 

2. As close as possible to the receiver, but far enough downstream to avoid any 
disturbance from valve action. 

3. a. Give the system more refrigerant. 

b. Reduce the pressure drop. 

c. Further subcool the I1<j;i1d refrigerant. 

4. They relieve dangerous, excessive pressure from the system. 

5. a. The fusible plug will melt at a predetermined temperature. 

b. The ruptured disk 1s designed to burst when pressure reaches a dangerous level. 

c. The spring loaded relief valve will open at a preset pressure and close 
automatically at 10 to 20 percent below Its opening pressure. 
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6. They turn the water on or off and regulate Its flow. 

7. Between the water supply and the condenser 

8. a. Electric water valve 

b. Pressure operated valve 

c. Thermostatic water valve 

9. a. Suction pressure control valve 

b. Two temperature valve 

c. Suction pressure control valve 

d. Two temperature valve 

e. Two temperature valve 
f • Two temperature valve 

10. They prevent the reversal of flow. 

11. The swing checks use a hinged disk which seats against a tilted bridge and the 
lift check disk seats on a horizontal bridge wall. 

12. A defrost timer 1s a device that starts the defrost cycle automatically. 

13.. The mechanism within the clock activates a cam that operates various switches. 
Clocks can be set to defrost the system at scheduled Intervals such as at each 
cycle* or every few hours, or once a day, or after a few hours of running time of 
the compressor. 

14. Solenoid valves are used to close or open a circuit. When a solenoid Is 
energized, a magnetic armature or plunger, moves upward toward the center of the 
coll, thus opening the valve. 

15. a. Direct acting 
b. Pilot operating 

Work Unit 4-2. 



a. 


Closing spring 


b. 


A needle and needle seat 


c. 


Drive pins 


d. 


A diaphragm 


e. 


Opening spring 


f. 


Adjusting screw 


9- 


A vent hole 



2. By changing the pressure of the opening spring 
3* This movement regulates the refrigerant flow. 

4. The valve remains open until the evaporator pressure overcomes the opening spring 
pressure and the valve closes. 

5. The valve does not open Immediately, It will not open until the compressor reduces 
the evaporator pressure. As this happens, It becomes less than the opening spring 
pressure and the valve opens. 



4-38 



153 



6. It forces more refrigerant through the valve, causing an Increase in evaporator 
pressure f which unbalances the valve, causing It to close slightly and reduce the 
refrigerant flow. 

7. a. An Increase In heat load causes the refrigerant to vaporize faster. 

b. A decrease In heat load causes the evaporator pressure to decrease, thus to 
open the valve. 

8. a. A thermal bulb 

b. Capillary 

c. Diaphragm 

d. Push rods 

e. Valve seat and needle 

f. Spring 

g. Adjusting screw 

9. It regulates the flow of refrigerant entering the evaporator, maintaining a fully 
active evaporator regardless of the heat load and pressure changes. 

10. a. Uses the same refrigerant as the system and can be used 1n applications where 

temperatures are as low as 26°. 

b. Uses a different fluid than that used In the system and can be used where 
temperatures reach 35° to 37° F. 

c. Uses a special type charge and Is used where temperatures reach -40° F. 

d. Uses the same fluid as Is used 1n the system. Operates on the principle of 
expansion and contraction with a temperature change. 

11. The capillary tube creates resistance In flow so that the pressure drop will allow 
the liquid refrigerant to vaporize. 

12. With a length of small diameter, seamless copper tubing when broken or plugged. 
Work Unit 4-3. 

1. They maintain a relatively constant temperature within the refrigerated space. 

2. All matter will expand when heated and contract when cooled. 

3. It consists of a feeler bulb, capillary tube, and bellows. The power element 1s 
charged with a refrigerant and 1s placed In a position to be sensitive to a 
temperature change. This change will cause the elements' charge to expand or 
contract, causing the bellows to expand or contract accordingly. This activation 
of the bellows moves a system of levers that ultimately opens or closes a set of 
electrical contacts. 

4. a. Bellows 

b. Olaphragm 

c. Bourdon tube 

d. Bimetallic element 

5. The variance 1n pressure causes a difference in boiling temperature of a liquid. 

6. Use the control setting chart or the pressure-temperature relationship chart to 
find the desired temperatures for cut-in or cut-out. Then move the point setter 
on the control. 
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7. Use the control setting chart or the pressure-temeprature relationship chart to 
find the desired temperature for cut-In and differential. Then set the 
differential set Indicator to the desired temperature. 

8. a. The power element will lose some or all of Its charge which will render 1t 

Inoperable. 

b. Points will burn and become pitted which will cause then to stick close or 
remain open. 

c. Very old unit may wear out for they move many times during the day. 

d. High or low voltages, high current flow, frayed Insulation, bad contacts are 
all causes of electrical troubles. 

e. This 1s the Inexperience or unauthorized personnel attempting to repair or 
adjust the controls. 

Work Unit 4-4. 



1. 


a. 


Single-phase 




b. 


Polyphase 


2. 


a. 


Repulsion-start Induction 




b. 


Capacitor-start Induction 




c. 


Induction polyphase 


3. 


a. 


Capacitor-start Induction 




b. 


Induction polyphase 


4. 


a. 


Shaded-pole 




b. 


Capacitor 
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STUDY UNIT 5 
AIR-CONDITIONING 

STUDY UNIT OBJECTIVE: WITH THE AID OF REFERENCES, YOU WILL IDENTIFY THE » 
PSYCHROMETRIC CHART AND HOW TO OBTAIN INFORMATION FROM THE CHART. WITHOUT THE 
OF REFERENCES, YOU WILL IDENTIFY INSTALLATION AND MAINTENANCE OF VARIES AIR 
CONDITIONING EQUIPMENT AND AIR-FLOW INSTRUMENTS, 

Today a1r-cond1t1on1ng 1s used by the military to control the environment in ^\ch 
troops and equipment operate. This environmental control extends not only to the tefliper»* uire 
of the space, but to controlling the humidity (moisture content), removal of foreign and 
undesirable particles from the air, and distribution of the conditioned air throu^hou* t^ e 
desired space. Moisture, heat, and foreign matter enter the air 1n many ways* The ijtjjjfLSSwi 
gives off heat and moisture. The average adult engaged 1n light work mil give off ^ 
approximately 500 Btu's of heat per hour and will consume and give off about thre^ lb^ 0 f 
water dally. Equipment will give up heat to the surrounding atmosphere either thbougrt 
friction caused by mechanical motion or by heat created electricity flowing through w-tre*» . 
contacts, motors, etc. Moisture and foreign particles can enter a conditioned space thr""^ 
windows, doors, minute cracks, ventilation systems, and by people carrying them or* th«ir 
person and clothes. In order to maintain an environment at a specific level of control, 
a1r-cond1t1on1ng equipment 1s used to raise or lower temperatures, remove molstur^ andf0rei^ n 
particles, and to distribute air evenly throughout the space to be controlled* 

Work Unit 5-1. AIR-CONDITIONING AND THE PSYCHROMETRIC CHART 

CITE THE WAYS THE PROPERTIES OF AIR AFFECT AIR-CONDITIONING. 

DEFINE VARIOUS TERMS RELATED TO AIR-CONDITIONING. 

GIVE THE PURPOSE OF THE PSYCHROMETRIC CHART AND STATE SELECTED CHARACTERISTICS 
THE PSYCHROMETRIC CHART SCALES. 

USING A TYPICAL PSYCHROMETRIC CHART AND GIVEN WET AND DRY BULB TEMPERATURE 
DETERMINE SELECTED PROPERTIES OF AIR. 

If you look at a1r-cond1t1on1ng carefully, you will see that air Itself 1$ u$<ed to 
condition the occupied space. Consequently, to properly condition the space, the 
refrigeration technician must be able to analyze the air 1n the room and then supply -the r %t 
amount of conditioned air. 

AIR-CONDITIONING 1s a process of taking air and controlling Its temper a t ure, JhujjM^v. 
cleanliness * and dis€rTFut1on balance so that 1t will meet the requirements or tn^ $tf3ce*° jfe 
conditioned. 

A complete a1r-cond1t1on1ng system will provide a complete control of the$e condU^s 
all year around. This Includes: 

• Maintaining a desired winter temperature 1n a conditioned space. Tht * 
requires an automatic control of the heating device* 

• Maintaining a desired humidity 1n winter, which 1s usually a period <*-f 1°* , 
humidity. This requires some type of automatic control to add moist^ e to 
air (humidifier). 

• Providing a desired de-hum1d1f1cat1on during summer months. This 1s obt air \j 
through automatic control of the air across the evaporator colls* 

Basically, air 1s a mixture of two basic gases, nitrogen and oxygen. N1t r og^n 
accounts for approximately three-fourths of the air's weight by volume, while oxygen *cG ouf, \* 
for the remaining one-fourth. There are, of course, traces of a few other gases in t*e 
atmosphere, all the time. However, they do not usually appear 1n volumes significant e r» ou ^\ 
for any of them or all of them together to be Important factors. One remaining *iemfe*it 1s 
found 1n air and that 1s water vapor. The amount of water vapor 1n the air has 4 jlE^t 
Inf luence on equipment cooling and on human comfort. Such atmospheric moisture u$ c57tT^ d 

The water vapor 1n the air 1s neither absorbed nor dissolved by the air. Th^ mfxt^ 
1s a simple physical one, just as sand and water are when mixed. The temperature of \\e **\er 
vapor 1s always the same as that of the surrounding air. 
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When the air contains all of the water 1t can hold, 1t 1s termed " saturated a1r . M The 
amount of moisture present at the saturation point varies with the temperature of the air. 
Thus, the higher the temperature of the air, the more moisture the air can hold. 

Let's take a look at some of the various terms related to a1r-cond1t1on1ng. 

• SPECIFIC HEAT - The so called sensible heat required to cause a temperature 
change 1n substances varies with the kind and amount of the substance. This property 1s 
called the specific heat of a substance, I.e. the amount of heat required to raise 1 pound of 
the substance 1° F. This value 1s good for computations, provided no change of state 1s 
Involved. If, however, a change of state should occur, the specific heat of the substance 
also changes. To determine the amount of heat necessary to cause a temperature change 1n a 
substance, multiply the weight of the substance by Its specific heat. Then multiply that 
answer by the temperature change (Btu ■ specific heat X weight X temperature change). 

• LATENT HEAT - "Latent heat" 1s the heat that 1s added or taken from a 
substance, causing a change of state. These changes of state occur without any changes in 
temperature or pressure. Latent heat 1s commonly referred to as "hidden heat ." "latent heat 
of fusion ." "latent heat of vaporization ," and " latent heat of condensation ." 

• TOTAL HEAT - Any mixture of dry air and water vapor (atmospheric air) does 
contain both sensible and latent heat. The sum of these two heats 1s termed "total heat ." and 
1t 1s usually measured from 0° F. 

As you remember, these types of heat were covered in previous study units. You will 
now be given some terms which were mentioned earlier but were not covered as throughly as they 
will be now. 

In a1r-cond1t1on1ng, the air temperature 1s listed more accurately as the "PRY-BULB 
TEMPERATURE ." This temperature 1s taken with the sensitive element of the thermometer In * 
ary condition. Unless otherwise specified, all air temperatures are dry-bulb temperature. 

• WET-BULB TEMPERATURE - This 1s the temperature at which air ceases to be 
cooled by the process of evaporation. A wet -bulb thermometer, which 1s a part of a sling 
psychrometer, 1s an ordinary thermometer with a cloth sleeve placed around Its bulb and made 
wet with water (distilled water 1s preferred). The cloth sleeve should be <^ a n anc j f ree from 
oil and thoroughly wet with clean, fresh water. The water 1n the cloth sit . 1s evaporated 
by the current of air at high velocity. The evaporation withdraws heat fron, the thermometer 
bulb, thus lowering the temperature. This temperature 1s measured 1n degrees Fahrenheit. The 
difference between the dry-bulb and wet-bulb temperature 1s called the "WET-BULB DEPRESSION ." 
If the air 1s saturated, evaporation cannot take place, and the wet -bulb temperature Is the 
same as the dry-bulb. Complete saturation, however, 1s not usual, and a wet-bulb depression 
1s normally to be expected. 

The wet-bulb thermometer Indicates the total heat of the air being measured. If air 
at several different times or in different places 1s measured, and the wet-bulb temperature 
remain the same for all, the total heat would be the same 1n all, though ,he1r sensible heats 
and respective latent heats might vary considerably. 

• DEW-POINT TEMPERATURE - The dew point depends upon the amount of water vapor 
1n the air. If air at a certain temperature 1s not saturated, I.e. 1f 1t does not contain the 
full quantity of water vapor that 1t can hold at that temperature; and the temperature of that 
air then falls, a point 1s finally reached at which the air 1s saturated for the new lower 
temperature and condensation of the moisture then begins. This point 1s the DEW-POINT 
TEMPERATURE of the air for the quantity of water vapor present at that time. 

The definite relationships between the three temperatures just mentioned should be 
clearly understood. These relationships are: 

• When the air contains some moisture but 1s not saturated, the dew-point 
temperature 1s lower than the dry-bulb temperature; whereas the wet-bulb 
temperature lies between them. 

• As the amount of moisture 1n the air Increase, the difference between the 
temperatures grows less. 

• When the air 1s saturated, all three temperatures are the same. 
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• RELATIVE HUMIDITY - This 1s the ratio of the amount of moisture 1n the air 
compared to what It could hold at the same temperature. It 1s a percentage expression of the 
grains of moisture contained 1n the air. 

• GRAINS OF MOISTURE AND SPECIFIC HUMIDITY - When you encounter both "GRAINS OF 
M OISTURE 11 and "SPeCifIc HUMIDITY" , keep In mind that these terms mean the same thing. By 
grains of moisture or specific humidity, we mean the unit of measurement expressing the actual 
amount of moisture contained 1n one pound of dry air. Relative humidity can be determined 
from this measurement, but you use percent of relative humidity to determine grains of 
moisture. A grain of moisture 1s about the same as a drop of water. A pound of water (about 
1 pint) contains 7,000 grains. 

• POUNDS OF MOISTURE - By "pounds of moisture 11 per pound of dry air, we mean the 
weight of the grains of moisture contained in l pouno of dry air. 

A1r 1s the primary medium that 1s used to control the conditions 1n the controlled 
space. A1r can be used to control the humidity and temperature for three general purpose 
uses: personnel or comfort cooling, equipment cooling, and process cooling. New applications 
for a1r-cond1t1on1ng are, of course, being found continually* 

The purpose of air conditioning 1s to control temperature , humidity , and the 
circulation of the air. 

The field of psychrometrlc study 1s a breakdown of the various properties contained 1n 
the air and a graphic analysis of the air's conditions. If the technicians understand all 
that they can about the air being used, then their understanding of the equipment's operation 
becomes more realistic. 

• PSYCHROMETRIC CHART - The psychrometrlc chart 1s the tool used to analyze the 
relationship of the properties of the air. (See the fold-out at the end of this study urtlt.) 
The technician should master at least the meaning of the chart 1n order to properly understand 
the air that 1s being conditioned. 

The relationships of the properties of the air are graphically Illustrated on the 
psychrometrlc chart as a series of lines and curves that have been scientifically formulated 
to show the whole picture of the air being studied. 

The comparison of the lines and curves at Intersecting points of the scales on the 

chart gives us a very comprehensive analysis of the air being studied. More than one 

condition mty appear on the chart to give us more accurate analysis and true operation of the 
system 1n consideration. 

Once the dry-bulb temperature and wet-bulb temperature have been obtained, you can 
then begin the plotting procedures by using the psychrometrlc chart scales. In order to know 
what you are doing, the scales that are read on the psychrometrlc chart are the first point of 
Identification on the chart. The psychrometrlc chart contains lines and curves which have 
corresponding scales and which are read at Intersecting points. 

In figure 5-1, the lines and scales are Identified; whereas, the later figures that 
accompany the terms will point out the names of the lines corresponding to each set of 
scales. Basically, there are five sets of scales that are used on the psychrometrlc chart. 
Some of the readings will be scale differential readings. 
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GRAMS OF MOISTURE* 




POUNDS OF MOISTURE 



-.018 



. J010 



0 0 



Fig 5-1. Psychrometrlc chart scales. 

The DRY-BULB will appear on the vertical lines of the chart which corresponds to the 

locating the Indicated condition on the scale and drawing a vertical line correspond 1 no to the 
temperature valve, as shown by the heavy line In figure 5-2. corresponding to the 




20 SO 40 80 SO 70 00 S0 100 110 

Fig 5-2. Dry-bulb line. 
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Figure 5*2 1s a representative sketch of the dry-bulb temperature portion of a 
psychrometrlc chart. A complete psychrometrlc chart has a vertical line for each degree of 
temperature. Usually, every fifth line 1s numbered with Its corresponding temperature. The 
common range for a psychrometrlc chart 1s from about 20° to 105° F. This type of 
arrangement makes 1t simple to plot any dry-bulb temperature on the chart to the nearest 
degree. 

You will notice that the slope of the psychrometrlc chart changes to smaller 
Increments as the temperature drops 1n Intensity. The wet-bul* temperature 1s plotted from 
the temperature values given on the saturation or wet-bulb scale. To plot a WET-BULB 
TEMPERATURE , start with the corresponding temperature reading on the wet-bulb scale. The 
wet -bulb temperature 1s plotted on the diagonal line that extends to the right and downward 
from the wet-bulb scale. A wet-bulb plot 1s shown by the heavy line 1n figure 5-3. It 1s not 
necessary to extend the wet-bulb line past Its Intersection with a previously plotted dry-bulb 
line. 




F1g 5-3. Wet-bulb line. 

RELATIVE HUMIOITY 1s read on the psychnxr&trlc chart at the point of Intersection of 
the dry-bulb lines, as seen 1n figure 5-4. 



ERLC 



5-5 



160 



70 



Fig 5-4. Percent relative humidity. 

The DEW-POINT on the horizontal line of the psychrometrlc chart that extends from the 
point of percent relative humidity to the saturation curve, and the value is read at the point 
of Intersection with the curve, as shown In figure 5-5. 




Fig 5-5. Dew-point line. 

The terms "heat content." "enthalpy. " and "total heat ", mean the same thing. These 
T m .' we wits contained in l pound of dry air. HEAT CONTENT 1s plotted by 
extending the wet-bulb line through the saturation curve to the heat content or enthalpy 
scale, located on the left of the saturation scale. Read the Btu value at the point the 
extended wet-bulb line Intersects the heat content scale, as shown in figure 5-6. 
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F1g 5-6. Heat content line. 

To plot GRAINS OF MOISTURE contained per pound, draw a horizontal line from the point 
percent relative humidity to the grains of moisture scais and read the Intersecting value on 
the chart as shown 1n figure 5-7. 




o 



F1g 5-7. drains of moisture. 

You would determine POUNDS OF MOISTURE by drawing a horizontal line from the grains of 
mot sture plot to the pounds of moisture scale and reading the corresponding value at the point 
of Intersection with the scale, as shown 1n figure 5-8. 
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Fig 5-8. Pounds of moisture line. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. How does an air-conditioning system provide de-humldlflcatlon? 



2. What Is the relationship between water vapor and air temperature? 



3. How will an Increase In air temperature affect its capacity to hold moisture? 



4. Define the following terms used In air-conditioning: 

a. Specific heat - 

b. Wet-bulb - 

c. Wet-bulb depression - 

d. Grains of moisture - 

5. What Is the condition of the air when the temperature of the dry-bulb, wet-bulb, 
and dew-point are all the same? 
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6. Using the fold-out of the psychrometrlc chart found at the end of this study unit, 
determine the following properties of air 1f the dry-bulb temperature reading 1s 
87° F and the wet-bulb temperature reading 1$ 73° F. 



a. What 1s the relative humidity? 



b. What 1s the dew-point temperature? 



c. What 1s the heat content? 



d. How many grains of moisture are contained 1n the air sample? 



e. How many pounds of moisture are contained 1n the air sample? 



7. What does a complete psychrometrlc chart have for each degree of temperature? 



8. What 1s the purpose of the psychrometrlc chart? 



9. How do you read the lines and curves of the psychrometrlc scale? 



Work Unit 5-2. AIR FLOW INSTRUMENTS 

GIVE THE PURPOSE AND SELECTED USES OF THE ANEMOMETER. 

STATE THE PURPOSE OF THE MANOMETER AND THE PITOT TUBE AND ONE CHARACTERISTIC OF 
THE MANOMETER. 

SUPPLY THE PURPOSE AND SIGNIFICANT CHARACTERISTIC OF THE VELOMETER. 

A1r-cond1t1on1ng systems are designed to condition the air within the system and then 
to distribute this treated air to the proper place, 1n the proper amounts, and with the least 
possible annoyance to the consumer of the conditioned air. 

This work unit will acquaint you with various types of air measuring Instruments. 

The ANEMOMETER 1s an Instrument used to measure air velocity 1n linear feet. This 
meter 1s composed of the fan housing, three dial faces, and the propeller, which moves at the 
rate of the airspeed, turning a gear mechanism which operates the dials. There 1s an engaging 
level and a reset lever on top of the dial face. All of this 1s seen 1n figure 5-9. 
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In figure 5-9. the left dial reading Mould be 8,000, the right dial reading would be 
300, and the center dial reading would be SO. Therefore, combining the numbers Into proper 
sequence, the resulting anemometer reading would be 8380. 

The following formula Is used to convert the anemometer reading to fpm velocity: 

f pm ■ anemometer reading (AR) X 60 
elapsed time luj 

To figure the fpm of our sample problem, the answer would be: 

fpm « AR X 60 • 8380 X 60 ■ 8380 « 4,190 

— rr — — reo — 

The MANOMETER family of air measuring Instrument contains various types and styles; 
however, we will limit the study of manometers to one type, the INCLINEO MANOMETER . This Is 
used to measure the pressure of air In Inches of water and can be seen in figure 5-11. 



Within the duct system we find two predominant pressures; static and velocity. STATIC 
PRESSURE 1s the outward pressure of air In all directions. VELOCITY PRESSURE 1s the force 
exerted by the movement of air In the direction of flow. Often it is impossible to get the 
manometer Into the air-stream to measure the pressure, so the PITOT TUBE was developed to 
allow access to the Internal sections of the duct In hard to act to areas. In reality, the 
pi tot tube Is a tube within a tube, as Indicated In figure 5-11. 

The pltot tube Is Inserted Into the air stream, and the velocity pressure goes Into 
the center of the assembly to the manometer, forcing the oil column In the meter downward. 

The static pressure enters the small ports surrounding the tube to the manometer, 
forcing the column of oil In the meter tube upward. The velocity reading 1s taken on the 
adjustable scale where the oil level stabilizes. 

The pressure Indicated on the manometer Is known as pressure of velocity. It Is 
represented as PV In the conversion formula used to convert pressure Into feet per minute. To 
convert pressure of velocity Into fpm, the following formulas will be applied: 



fpm « PV X 4,005 

fpm - The number of feet of air which will pass through a duct area In 1 minute. 
yj — - Symbolizes square root 

>/PV - Pressure of velocity as read on the Inclined manometer. 
X - Multiplied by. 

4,005 - This a constant and Is based on the velocity of standard air. 



Now, let's see how the formula works. Assume that the velocity pressure reading or 
.25 has been obtained with the manometer. Then: fpm » the square root of .25 X 4,005 ■ .5 X 
4,005 - 2,002.5. 




Fig 5-11. Pltot tube and manometer. 
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After establishing the fpm, the cfm can be established using the following formula: 
cfm - fpm X duct area (sq. ft.) 

minute ^tb% t 5p%c^."g^?3^! Sh Sisr U th6 P ° UndS ° f a,r chan ** ^ 

lbs of air - cfm 0 r cfm X specific density 

specific volume 

Note: REMEMBER: IF NO MEANS ARE PROVIDED FOR FINDING SPECIFIC VOLUME USE thp urn hp 
^STANDARD AIR, WHICH IS 13.5 CUBIC FEE?. SPECIFIC SeS^FOR ^ArTSr 

EXERCISE: fnswe^the [ollojlng^questlons and check your responses against those listed at 

1. What Is the purpose of the anemometer? 



2. How long a time should the anemometer be held In one location? 



3. What Is done before you trip the engaging lever on the anemometer? 



4. What sequence would you follow when reading the dials on the anemometer? 



5. What Is the purpose of the manometer? 



6. What pressure Is Indicated on the manometer? 
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7. What 1s the purpose of the pltot tube? 



8. What 1s the purpose of the velometer? 



9. Explain the Importance of using the filter 1n the velometer? 



10. How many readings should you take at the supply opening ? 



Work Unit 5-3. INSTALLATION OF AIR-CONOITIONING EQUIPMENT 

PR0VI0E SELECTEO INSTALLATION PROCEOURES FOR WINOOW AIR-CONOITIONERS. 

CITE SELECTEO INSTALLATION PROCEOURES FOR EVAPORATIVE COOLERS. 

< UPPLY SELECTEO INSTALLATION REQUIREMENTS FOR FLOOR-MOUNTEO ANO CENTRAL 
AIR-CONOITIONER UNITS. 

Installation and operation procedures for each a1r-cond1t1on1ng unit will vary due to 
the variation 1n design and size. Only those skilled and fully checked out 1n the procedures 
and operation of a1r-cond1t1on1ng equipment should attempt to engage 1n this work. Many 
thousands of dollars have been tied up 1n the procurement of equipment. Don't let 1t go to 
waste by allowing Inexperienced personnel to use 1t. 

Window units should always be Installed with the outside portion of the unit tilted 
down slightly, as shown 1n figure 5-12. This slight tilt, about 1/4 Inch, helps drain the 
condensated air outside, rather than letting 1t overflow Inside the space being conditioned 
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Fig 5-12. Window unit showing 1/4 Inch tilt. 



Normally all of the hardware needed to Install the unit will be In the sh ion inn 
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Fig 5-13. Window unit with necessary hardware for Installation. 
condltlolSrlTf^ » window-bunted air 
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• All -In-mounting . The unit Is completely Inside the room, so that the window 
can be closed. 

• Upper sash mounting . The unit Is mounted In the top of the window. 

• Built-in mounts . The mounts are used for Installing units In the walls of 
hotels, motels, and residences, etc. 

The housing should be securely mounted before the unit Is Installed. The side panels 
are usually sealed to the window with sponge rubber and sealing compound. Sheet metal screws 
are used to secure the top and bottom channels. For the foregoing, look at figure 5-14. 




Fig 5-14. Window unit housing Installed. 



The Inside unit Is quite heavy and should not be lifted without the assistance o' 
another person or the use of a special dolly. Carrying the unit by means o* . '3 refrlger nt 
lines or colls should be avoided completely. If a special dolly cannot be u J for 
transporting the unit or Is not available, then place your hands on the bottor of the urn . to 
lift It. 

When putting the unit Into the housing, be careful not to force the t .It. If yr 
force the unit, the tubing and wiring can be pinched between the unit and casing. 

The current draw on start-up Is sufficient to justify the need of the. uM -i being 
placed on a separate circuit. REMEMBER » because of this current, a plug with ound wire 
should always be used. 

Long before the refrigeration coll became the basis of air-conditioned comfort, 
EVAPORATIVE COOLERS and C00LIN6 SYSTEMS were used to some extent In remlarld and arid states 
suchas KansasTColo ^d o, and New Mexico , for example, where the dally humid ty ^usually 
very low. Even tod*y» bases locateu m dry climates employ this type of cooling with 
considerable success at a low cost. 

r !ve small units, although usually mounted 1n the window ci a building (side draft 
type)* can also be mounted on the roof (down draft type). The larger units must be placed on 
substantial structures that will support their weight. 

The size and sty 2 0 the unit determines the location and the type of supporting 
structure required. 



weight and 



Units mounted In building wlnoows are of the small blower typu. These are light in 
nd will not daitage the building structure. This type Is shown In figure 5-15. 
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Fig 5-15» Evaporative cooler. 



* , J* 1 ? l * r 9e» heavy units must be mounted on self-supoortlna platforms a<Hac», k..* 
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Each platform should also have a ladder built as part of the structure; 

Never mount cooler units on the building roof unless approved. Each unit muct >.» 
mounted on the platform, so that It Is rigid and level. In some c£es the us2 VXta5\«i 
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F1g 5-16. Large evaporative cooler 

mounted on self-supporting 
platform. 
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The various connections required for evaporative coolers mus^f be Installed as 
specified for each cooler. Check the Instructions to see that the proper size pipe, varlves, 
switches, wire, and fuse boxes are Installed. Only 1n this way can you be sure that the 
equipment will give the expected service. 

The small, window-type evaporative cooler normally uses 1/4 Inch copper tubing to 
carry the water supply. A fitting Is Installed on any ordinary 3/4 outside water valve 
(garden hose) to supply the water. 

Larger units must have a water supply line of at least 3/4 Inch pipe or tubing. A 
globe shut-off valve should be Installed 1n the supply line on the Inlet side of the unit. 
Coolers using a water solenoid valve Instead of a recirculating pump should have a water 
strainer Installed on the Inlet side of the solenoid valve. A water faucet with a, nose bib 
should be Installed In the supply line near the cooler to be used 1n washing down the Interior 
of the evaporative coolers Immediately after dust storms or when maintenance service Is being 
done. 

The water drain or waste system for evaporative coolers ought to be at least 1-1/4 
Inches In diameter to reduce drain stoppage. The drain system should be connected to the 
sewer or a street drainage system. In freezing areas, the water supply system should be 
Insulated against freezing, or the unit may be installed to permit the complete draining of 
the system. 

Small units (window type) are usually connected by inserting the electric cord plug 
Into a convenient outlet. Thus, they can be placed Into or out of operation by means of a 
toggle switch on the front of the unit. 

The larger units should be equipped with their own fuses. Sometimes this may require 
a separate main switch and fuse box, depending upon the power requirements of the unlt(s). 
Push-button stations or toggle switches are used to start and stop equipment operation. Other 
units may require separate switches for the water recirculating pump motor and the blower 
motor. Usually the larger units require magnetic starters also, sometimes they have pilot 
lights or other devices to Indicate when and what part of the cooling unit is in operation. 
All switches, controls, pilot lights, and Indicators should be mounted on a control panel 
which 1s located In a convenient place. Each large evaporative cooler should have a 
disconnect switch mounted inside the unit to permit maintenance personnel to control the 
unit's operation while they are performing maintenance service. This is a tlmesavlng move as 
wel 1 as a safety measure* 

In FLOOR-MOUNTED AIR CONDITIONERS , the whole system Is mounted In one cabinet. 
Usually, the only thing that needs to be done to this unit Is to hook up the power and level 
the unit as shown in figure 5-17. 
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(ADJUSTABLE) 



F1g 5-17. Sectional view of a floor 
mounted a1r-cond1t1oner. 

.^_,-if]| 00r ^ e}s have * 1ther "^-cooled or water-copledcondensers. Of that* th. 
air-cooled condenser may or may not be a part of t he unit. wH i a ^HEl ^ J , 
usually mounted outside. If the air-cooled condenser Is a Sart of thS^JtSKJ 22 dtns,r '« 
condenser must be ducted to the outside for conden e? cJollKg* The Jater^ool^cSS*,.^ 

clriulIteVcoo! wSer'to't'Se Stf* ^ ° f ' fmTSS&T^ 

The electrical connections should conform to local codes. One* th* «Wt..wi 
connections have been completed, the compressor should* " c&Sd fS^rw 1SX 

oht-^.ri^! ^ WT 5 A V. SY ? TEMS be used for residential or Industrial use. The system may ha 

come yjfi SgrJ VttBfSgZ Mr^aS^ 

f15ure 0n 5 d !l8? ^ • 1nternal Plp1nQ ' nd w1ring has the fSS^rST 

will ha S-rf^^-^l cases, the blower and duct work used for the existing heating svttma 
will be used to carry air across the evaporator. The evaporator 1s usually areta* 2Tt£ «* 
the furnace body 1n the discharge air duct, as shown 1n figure 5- 9. o» top of 
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EVAPORATOR UNIT— 




F1g 5-18. Central a1r-cond1t1oner. 

In almost all cases, the blower and duct work used for the existing heating system 
will be used to carry air across the evaporator. The evaporator 1s usually erected on top of 
the furnance body 1n the discharge air duct, as shown 1n figure 5-19. 
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Evaporator mounted above the furnace. 
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EXERCISE: Answer the following questions and check your responses against those listed at 
the end of the study unit. 

1. Why 1s 1t Important to slightly tilt downward the air-, tdltloner outside of the 
window ? 



2. A work request Indicates the unit to be upper sash mounted. Where will you 
Install the unit 1n relation to the window? 



3. What factors determine the location and type of supporting structure required when 
Installing evaporative coolers? 



4. What 1s the minimum specification for the water supply line for large evaporative 
cooler units? 



5. Why should you Install a disconnect switch Inside the evaporative cooler unit? 



6. What 1s the best way to mount a1rwasher«type evaporative coolers and why? 



7. What should be the size of the water drain or waste system 1n evaporative coolers 
and why should 1t be this size? 



8. What must be done • the air-cooled condenser is part of the floor-mounted unit? 



9. Why 1s a U-trap Installed 1n the evaporative drain line? 



10. If at all possible, why should you Install the condensing unit lower than the 
evaporator 1n a central a1r-cond1t1oner? 
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Work Unit 5-4. SERVICE AM MAINTENANCE OF AIR-CONOITIONING EQUIPMENT 

w^stg^j® asr* relateo to the bearing inspecti ° n *» 

STATE SELECTEO PROCEOURES USEO FOR CHECKING BEARINGS. BELTS AND PULLEY ai tnfmfnt 
ANO GIVE A REASON RELATEO TO THESE COMPONENTS ANO THEIR ALINEMENT? ALINEMENT, 

OESCRIBE SELECTEO HEAT PUMP SERVICE ANO MAINTENANCE PROCEOURES. 

STATE THE MAINTENANCE ACTION FOR SELECTEO EVAPORATIVE COOLER COMPONENTS. 

ON SECONOARY REFRIGERANT 

alr-condl^SSlnVe^lSStr 6 W1 " d1SCU " the Serv1ce and •«■»■■"«■ Matures of typical 

i,.hr4r»Moi; ha 2 d , 11n ? "I! 11 b * ar1 " 9S ' unless sealed, should be Inspected for proper 
lubrication. A lack of such lubricant causes excessive wear and seizing of the bearings. 

Bearings are either oiled or greased . Accordingly, general lubrication is n»»ri«,< 
Therefore, study the followlTigleneratluBrTcatlng Instructions Ihich y^uneeo to <£$%': 

* 1X2 wlylnniMr CUPS ' ° 11erS ' the SUrr ° Und1ng SUrfaC6S clean 
Clean lubrication equipment both before and after It 1s used. 

o!st r r?b e uJyo b n r1 o C f at Jh n e 9 VSiSSS^ "* ^ * ^ " t0 1nSUre 9 ™ 

S5r4oU br1Cat I° n ^T" 15 ,* 0 com P ensate for abnormal operation and extreme 
condition., such as high or low temperatures, prolonged periods of operation^ 
continued operation In sand or dust, or exposure to moisture, any of which may 
quickly destroy the protective qualities of the lubricant. LubrlcatloT 
intervals may be extended during Inactive periods. "-uoncation 

e5Sfy^ 1 ub? a St^no t nnf2, U Mo[! 9 lubr1cat1on clean from lubricants. Also, after 
application" °P erat1on . remove any excess lubricant from the point of 

S« an 4 c Ut th L b f a r 1n9 !!P us1n ? before f1111n 9 It with lubricant whenever the 
need 1s apparent from the evidence of dirt or sludge. ""enever me 

Always use the proper lubricant as required by the attached lubrication ni»t» 
or, If available, the pertinent lubrication publication and/or the techn?ca? 
manual pertaining to the material «f which the motor is a part. techn1ca1 

n!lfc2!4^ ? rad u of lubr1cant 1n accordance with the temperature ranges 
prescribed In the pertinent lubrication publication and/or technical manual. 

lSbM^ntl 16 handler 1mmed1atel * after lubrication to evenly distribute the 

mind: AS ^ y ° Ur lubr1cat1on • * ou should keep the following general precautions 1n 

• Keep all lubricants (grease and oil) In closed containers. 

f'ran^exJetl^It 1 ^^? 9 "' *» PlaC6 ' 006 * h1Ch 1s loCated ~» 
Allow j.o dirt, water, or foreign material to mix with any lubricant at any 

00N0T oil bearings while the air handler Is i . -ing. Excess oil may solll 
onETThe floor, creating a fire hazard as well as an electrical hazard. 
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• Avoid getting lubricants on rubber parts of Insulation, since they will cause 
these materials to deteriorate. 

Bearings, belts, and pulleys are all smaller components of the air handling unit, yet 
Its continued operation depends largely upon their proper allnement with each other. These 
three components 1n this unit will be discussed 1n the order named. 

• BEARING ALINEMENT - Some belt-driven blowers have bearings that are 
self-alining, while others are held 1n place by bolts which stabilize the bearings to the 
blower housing. Study figure 5-20 as you proceed through the following. The bearings usually 
have slots In their base for additional adjustment. Once a bearing has been adjusted, it must 
be checked periodically for slippage or binding, either of which can cause damage to the 
blower or shaft. 




F1g 5-20. Blower bearings. 



• BELT TENSION - Visual Inspection of belts will tell a technician whether or 
t;; -. ihey have been tensloned properly. TTius, running belts too loose will cause them to 
t:-nce up and down or flop excessively. This, In turn, requires more tension be put on the 
belt*, to remedy such situations, proper tension must be put on the belts, and this requires 
approximately a 1/2 Inch depression per foot between the centers of the pulley, as shown In 
figure 5-21. When the unit Is off, a belt check will reveal whether or not the pulleys are 
out of allnement; this can be determined by the excessive wear on the edge of the belts. 




I l 
I I 

U PER FOOT—*{ 



Fig 5-21. Blower belt tension. 
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Tht pad f rame and tht retaining icraans should ba wlrebrushed to remove dirt and scale 
and then painted with rust resistant paint. Screen eliminators made of layers of wire screen 
should be cleaned and painted whenever excessive dirt , scale, or rust accumulate on them. 

Proper water distribution end thoroughly saturated pads are essential to maximum 
efficiency from an evaporative air cooling unit. Drip distributors admit water to the top of 
the pad surface at a rate sufficient to wet the entire pad. Streams of water should flow down 
the outside pad surface. Level the water trough, so that approximately the same number of 
drops of water fall from the weir along the entire length of the trough. The troughs are 
usually slotted, so that they can be leveled, as shown In figure 5-22. Troughs and weirs 
should be cleaned by wlrebrushlng and re-painted with rust -resistant paint. The piping system 
should be disassembled and wire brushed Internally whenever excessive scale formation starts 
to retard the water flow. 



mm Sprv nc " u$ « r « daslgwd to provide sufficient water to wash the pads and form an 
effective spray curtain at the entrance of air stream, as pictured 1n figure 5-23. Spray from 
each nozzle or jet must have a well defined pattern. Spray nozzles should be cleaned by 
reaming out the openings. Slot jets may be cleaned by means of a thin blade made to fit the 
slot. Be very careful when you are cleaning the openings and slots In order to prevent 
cutting their metal edges and ruining them. 




ADJUSTNf NT SLOT 



Fig 5-22. Weirs adjustments. 
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WATER SURGE CYLINDER 

Fig 5-23. Spray nozzle evaporative cooler. 



You should check rotary disk water distributors for freedom of shaft rotation* and 
then you should lubricate them as portrayed In figure 5-24. The surface of the disk should be 
wlrebrushed to remove the scale that has accumulated. Check the position of the water supply 
pipe In relation to the disk carefully. Adjust Its position and lock It at the exact location 
recommended by the manufacturer to insure a maximum washing and spray effect. Spray nozzles, 
jets* and rotary disks which cannot be cleaned satisfactorily by wire brushing should be 
removed and cleaned by Immersion In a 10X Inhibited commercial hydrochloric (muriate add) 
solution. 



BLOWER UNIT MOTOR 




FILTCR PADS 

ROTATING DISCS 

Fig 5-24. Rotating iii*c evaporative cooler. 
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Water pressure at the spray nozzles and jets varies with the different units. The 
water pressure may usually be checked at the pump discharge outlet by attaching a pressure 
gage to the fitting provided for this purpose. The pump discharge pressure for effective 
water spray and atomlzatlon should be maintained at the value recommended by the manufacturer. 

The water makeup float valve should be checked for freedom of movement* and any 
binding of the float lever should be corrected. The water valve should be checked for 
positive water cutoff* since Its position determines the proper water operating level an 
adjustment Is required, raise or lower the float-ball position with respect to the lever 
pivot, as seen In figure 5-25. Set the water level to permit a constant overflow for 
bleed-off Into the overflow stand pipe. Turn the wing nut on the adjustment screw slightly in 
place to Insure that the float-ball lever Is locked Into position. Replace float balls made 
of ferrous metal which are rusted with float balls made of non-ferrous metal or of plastic 
materials. 



WATCH VALVE 




Fig 5-25. V'ater makeup valve and standplpe. 



Because of the light construction of the water circulating pumps used with evaporative 
drip units, they must be carefully mrlntalned. The low oil capacity of t\e bearings dn the 
motor requires frequent addition of the correct grade of oil. If the oil does not flow 
readily Into the oil filler tubes, remove and clean them. If the stoppage appears to be In 
the bearings, remove the entire pump assembly and wash the bearings out and then fill them 
with the proper amount of oil. Clern the Impeller and Interior of the casing of excessive 
scale by wlrebrushlng. Adjust the purp shaft and Impeller to avoid Its binding against the 
water Intake opening or pump :as1ng. WlreJrush a«d re paint rusted surfaces with rust 
resistant paint. When repairs are required, pumps of this type are usually taken to the shop 
to facilitate the service work. Sufficient replacement pump assemblies should be made 
available for the exchange of pumps requiring repairs. 

Wire brush the exterior surfaces of the cabinet ano water makeup tank, which develop 
rust spots, and g!ve them a coat of rust-resistant paint. After wire brushing and cleaning 
the rusted areas, paint the panel Interior surfaces with asphalt-base paint. You should paint 
the Interior surfaces of both of the panels forming the water spray chamber and the Interior 
of the water makeup tank with asphalt base paint. Wlrebnrh the air Intake louvers and 
screens and clean them so that they are free of dust, Insects, and scale. Straighten and 
repair bent or distorted vanes. Repaint metal louvers and screens as required. 

Earlier, we discussed several air conditioning systems. These systems have been 
numerous, but little has been said about a secondary refrigerant system; therefore, the 
secondary refrigerant systems will be discussed In the remaining paragraphs of this work unit. 

In a DIRECT EXPANSION SYSTEM , shown In figure 5-26, the controlled variable comes Into 
direct contact with a single refrigerant source. In contrast, the INDIRECT SYSTEM , shown In 
figure 5-27, allows the heat from the conditioned space to be absorbed by a secondary 
Refrigerant, water or brine, thereby cooling the variable. 
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F1g 5-26. Direct expansion system. 



When water 1s used as the secondary refrigerant, the controlled variable cannot be 
below freezing. Thus, the water makeup tank (expansion tank) should be checked often so that 
enough water 1s kept 1n the system to assure a positive head at all times. 

Brine solutions are used when the controlled variable must be maintained below 
freezing (32° F). Brine 1s a mixture of water with a chemical substance that allows 1t to 
be cooled to a sub-zero temperature without solidifying. 
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Fig 5-27. Indirect expansion system. 

There are several types of brine; ALCOHOL . SALT , and GLYCOL . Of these, glycol brines 
are the most widely used, since they have noncorrosTvTproperTiesT" 

Check the brine mixture for Its density with a hydrometer. If you find that the 
freezing point Is too high, then add more chemical. A chart from the manufacturer can give 
you the correct mixture of water and chemical In order to get a predetermined temperature. 

"J* v f ry difficult to set up a definite maintenance schedule, since so many 

operational factors must be considered. Consequently, It will be necessary for you to b» 
fully aware of the Instructions within the Standing Operating Procedures for your organization 
and you must follow these instruction and recommendations. organization 

The tubes on the condenser and cooler must receive regular attention for efficient 
Pfr! or !l! an S e *? nd J ] 0 !! 9 } l fe \ In fact « take SDec1al Care dur1n 9 the first year of operation 
S«?»n»?U he th? !J d °* her J 0 "^" materials which may have collected in the system during 
it l£l I ll ' V\ w fter-treat1ng system must operate effectively to prevent general corroslor 
of the tubes and piping system. Foreign material and corrosive attack can do extensive damage 
to the system's piping and water tubes, if they are not treated effectively and correctly. 

A special type of nylon brush should be used to clean the tubes. This brush Is 
IVlPyL K„ p r ev 5 nt scraDln 9 ° r 5 cratch1n 9 of :he tubes' Inner wall. Force the brush through 
5S5Si«^JZ 5? nd KVl w V Dur l ng B h1s clean1n 9 Process, most of the scale, mud, and othef 
Surfaces ith ate loosened. You can remove all such loose deposits by flushing the 
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If the tubes have become completely covered with scale, you must use a chemical 
treating process to remove all foreign deposits. The manufacturer's maintenance manual will 
give you Information about the type and strength of chemical solutions to use on their 
designed units. 

It 1r. recommended that the condenser tubes be brushed at least once a year. Hourly 
checks must bfe made between the difference of the leaving condenser water temperature and the 
condensing temperature. If at full-load operation this difference exceeds the design value, 
fouling of the tube surfaces 1s taking place. Should you discover that the leaving condenser 
water temperature 1s hard to maintain, 1t 1s recommended that you clean the condenser tubes. 

The following procedures should be followed In cleaning tubes: 

Shut off the main water line Inlet and outlet valves. 

Drain water from the condenser through the water box drain valve. Open the 
vent cock 1n the gage line or remove the gage to help draining 

Remove all but two nuts from the water box covers, leaving the remaining two 
on, loosely attached for safety. 

Using specially threaded jacking bolts, force the covers away from the 
langes. As soon as the covers are locse from the gaskets, secure a rope to 
the rigging bolt 1n the covers and an overhead support. Then remove the last 
two nuts and place the cover on the floor. 

Scrape both the cover and the matching flange to free any gasket material. 

Remove the water box division plate by sliding 1t out from Its grooves. Be 
cautious 1n removing this plate; 1t 1s made of cast Iron, which can break 
easily. Penetrating oil may be used to help remove the plate. 

Use a nvlon brush or something similar on the end of a long rod. Clean each 
tuoe with a scrubbing motion and flush each tube after the brushing has been 
completed. 

Replace the division plate after first shellacking the required round rubber 
gasket In the two grooves. 

Replace the water box covers after first putting graphite on both sides of 
each gasket, because this prevents sticking of the gaskets to the flanges. 

Caution : BE CAREFUL WHEN HANDLING THE WATER BOX COVER ON THE WATER BOX END TO SEE 
THAT THE DIVISION PLATE MATCHES THE RIB OF THE FLANGES. 

Tighten all nuts evenly. 

Close the drain and gage cock. 

Open the main water valve and fill the tubes with water. Operate the pump, 1f 
possible, to check for leak tight joints. 

Re-tub1ng 1s about the only major repair that 1s done on the condenser. This takes a 
high degree of skill and may require the services of a manufacturer's qualified repairman. 

You must make frequent checks of the chilled water temperature leaving the 
evaporator. If the temperature reading at full load begins to vary from the designed 
temperature, fouling of the tube surfaces is beginning, and cleaning 1s required when the 
leaving chilled water temperature cannot be maintained. 

It 1s recommended that the tubes be cleaned at least once a year, though this may vary 
with local operating conditions. Cleaning schedules should be outlined In the standing 
operating procedures. 

Servicing procedures for all shell and tube-type evaporator and condensers are the 
same, since all shell and tube containers are built and operated on similar principles. 
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Here again, w»tub1ng Is about the only major repair that 1$ needed on the 
evaporator. However, thU work should be done by a qualified refrigeration technician on a 
Manufacturer 1 ! repairman. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of the study unit. 

1. Why 1s 1t necessary to operate the air handler Immediately after lubrication? 



2. Why 1s it necessary to vary lubrication Intervals? 



3. How do bearing lubricants affect rubber parts? 



4. Why nust blower bearings be checked periodically? 



5. How do you determine whether or not a belt has proper tension? 



6. Relate briefly the correct procedures to aline the motor and blower pulley. 



7. Why must the pulley be alined properly? 



8. What precaution should you observe while cleaning lint or foreign particles from 
the evaporator with compressed air? 



9. During low temperature operating periods, why Is It necessary for you to check the 
crankcase heater for proper operation? 
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10, How do you clean spray nozzles, jets, or rotary disks which cannot be cleaned 
satisfactorily by wire brush? 



11. To what specifications do you adjust the float valve for proper water level 1n the 
cooler? 



12. What type of paint do you apply to the surface of the water makeup tank? 



13. Differentiate between a direct and an Indirect expansion system. 



14. What 1s a good Indication that the surface of the cooler tubes are fouled? 



15. What 1s happening if the temperature reading at full load of the evaporator or 
cooler begins to vary from the designed temperature? 



SUMMARY REVIEW 

In this study unit you have learned how to Identify the components that make up the 
psychrometrlc chart and to extract the desired Information. You also learned the different 
Installation and maintenance procedures for selected air conditioning equipment and air-flow 
Instruments that you may come Into contact with 1n the refrigeration field. 

Answers to Study Unit #5 Exercises 
Work Unit 5-1. 

1. By automatic control of the air across the evaporator colls. 

2. The temperature of the vapor 1s always the same as that of the surrounding air. 

3. The higher the temperature of the a1r t the more moisture the air can hold. 

4. a. The amount of heat required to raise 1 pound of a substance 1° F. 

b. The temperature at which air ceases to be cooled by the process of evaporation. 

c. The difference between the dry-bulb and wet-bulb temperatures. 

d. The unit of measurement expressing the actual amount of moisture contained 1n 
1 pound of dry air. 

5. Saturated 
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6. a. 52 percent 

b. 67° F 

c. 36.7 8tu's 

d. 100 

e. .0143 

7. A vertical line 

8. It Is a tool used to analyze the relationships of the properties of air. 

9. At Intersecting points of these lines and curves. 

Work Unit 5-2. 

1. It measures air velocity 1n linear feet. 

2. 10 seconds 

3. Allow the propeller to reach maximum speed. 

4. Left; right; center 

5. To measure the pressure of air 1n Inches of water 

6. Pressure of velocity 

7. To allow access to the Internal sections of the duct 1n hard to get to areas. 

8. To measure the air velocity 

9. The Instrument will give a false reading 1f the filter is omitted. 

10. A minimum of six readings 

Work Unit 5-3. 

1. This helps drain the condensation outside 

2. At the top of the window 

3. The size and style of the particular unit involved 

4. 3/4 Inch 

5. To permit control of the unit while you are performing maintenance 

6. On a cement platform, because It Is more economical. 

7. At least 1-1/2 inches 1n diameter to reduce drain stoppage 

8. A1r must be ducted to the outside 

9. To prevent Insects from crawling Into the building or to keep air from blowing 
through the drain 

10. To assist the oil return 



188 

5-33 



Work Unit 5-4. 

1. To evenly distribute the lubricants 

2. To compensate 

3. They may cause this material to deteriorate 

4. To check the slippage or binding 

5. Oetermlne whether or not there Is approximately 1/2 Inch depression per foot 
between the centers of the pulley; If so, the proper tension Is present. 

6. Place the pulleys on their respective -hafts. Secure one of the two pulleys to 
its shaft and then place a straightedge, a string, or a belt between the pulleys. 
Slide the unsecured pulley on the shaft until you are satisfied that the two 
pulleys are In line with one another. Secure the other pulley to the shaft 

7 * H e ??^ 1 r,J he al1neme " t 1s wron 9» components that receive the power from the 
pulleys wl 1 wear unduly. Also, Improper belt allnement will cause excessive wear 
and possible failure. 

8. That severe air pressure does not damage the aluminum fins on the colls 

9 * refrigerant operat1on w111 P rotect the compressor from pumping liquid 

10. immerse these components In a 10 percent Inhibited commercial hydrochloric 
solution. 

s£andp1^ e fl ° at ValVe t0 Perm1t 3 constant water overflow for bleed-off Into the 

12. Asphalt base paint 

13. In the direct expansion system, the controlled variable comes Into direct contact 

rinH^nllS 16 refr I*"? 1 In the 1nd1r «* system, the heat from the 

conditioned space Is absorbed by a secondary refrigerant, such as brine or water* 

14. The temperature reading at full load of the chilled water leaving the cooler 
begins to vary from the designed temperature. 

15. ^ 1 l!S"'^«v^ tub ! surfaces 1s beginning, and cleaning Is required when the 
leaving chilled water temperature cannot be maintained. 
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CHAINS OF POUNDS Of 




REFRIGERATION THEORY 



REVIEW LESSON 



INSTRUCTIONS: This review lesson 1s designed to aid you 1n preparing for your final exam. 
Ycu should try to complete this lesson without the aid of reference materials, but if you do 
not know an answer, look it up and remember what 1t 1s. The enclosed answer sheet must be 
filled out according to the instructions on its reverse side and mailed to MCI using the 
envelope provided. The questions you miss will be listed with references on a feedback sheet 
(MCI-R69) which will be mailed to your commanding officer with your final exam. You should 
study the reference material for the questions you missed before taking the final exam. 

A. Multiple Choice: Select the ONE answer that BEST completes the statement or answers the 
question. After the corresponding number on the answer sheet, blacken the appropriate 
circle. 

Value: 1 point each 

1. Identify the direction of heat flow in accordance with the thermal laws of 
refrigeration. 

a. From a body of high temperature to a body of lower temperature 

b. From a body of high pressure to a body of lower pressure 

c. From a body of high volume to a body of lower volume 

d. From a body of low temperature to a body of high temperature 

2. During a change of state, the is constant during the change, provided 

the pressure regains constant. 

a. pressure c. volume 

b. temperature d. heat 

3. While changing from a liquid state to a vapor state fluids heat. 

a. give up c. absorb 

b. transfer d. transmit 

4. Heat energy and other forms of energy are 



5. The evaporator and condenser require what essential characteristic in a refrigeration 
unit? 

a. Metallic parts that have a high heat conductivity 

b. Metallic parts that have fins 

c Metallic parts that have insulation around them 
i, Metalllic parts that are able to expand 

6. T ri Mth physical state are the molecules restricted to such a degree that the 

ub tance will maintain its shape? 

a. Solid c. Gas 

b. Liquid d. Vapor 

7. In whlcn physical state are the molecules much more free to move and as a result will 
not retain its shape? 

a. Gas c. Liquid 

b. Vapor d. Solid 

8. Identify the physical state of a substance which, upon entering a container, will fill 
it uniformly with a small quantity. 

a. Water c. Liquid 

b. Gas d. Solid 



a. destroyable. 

b. equal. 



d. 



c. 



low temperatures, 
interchangeable. 




9. The two Measurements of heat are quantity and 

a. volume. c . energy. 

b. pressure. <j. Intensity. 

10. Convert a root temperature of 32° C to Its equivalent on the Fahrenheit scale. 

?• °!L F *or c ' 89 - 6 ° F 

b. -25.6° F d. 1940 f 

11. Convert a room temperature of 75° F to Its equivalent on the Celsius scale 

a. -59.4° C c. 670 C 

b» 23.9© C d. 75° C 

12. Which heat measurement Is defined as the amount of heat required to raise the 
temperatre of 1 pound of Mater 1 degree Fahrenheit at sea level? 

a. Celsius c , British thermal unit 

b . Fahrenheit d . Conduct 1 on 

13t from M ]$Vto Jo* 1 ? 1 ° f necessary t0 increase 4 ^ uarts of ^ter (8.4 lbs) 

?' 1^2 5 tu ! 5 c. 365.3 Btu's 

b. 252.0 Btt's d. 453.6 Btu's 

14. What type of liett when added to a substance will cause the temperature tq remain 
constant; however, a charge of state win have taken place? 

a. Latent heat c . Celsius 

b. Sensible heat d. Fahrenheit 

15. Identify the heat that Is added to a substance and the temperature rises but you know 
that a change of state has NOT taken place. y 

a. Latent heat c . Celsius 

b. Sensible heat d. Fahrenheit 

16. If you were to hold a 24 Inch bar of steel In one hand and you placed one dno of the 
heat transf er*cal!S? *° U W ° UW fMl the hMt 1n your hand * What is **** type of 

a. Latent heat of fusion c. Convection 

b. Conduction d. Radiation 

17. What type of heat transfer do you feel when you are laying on the beach In the sun? 

a. Latent heat of fusion c. Convection 

b. Conduction d. Radiation 

18. The heat transfer that you feel being omitted from your home furance Is called 

a. latent heat of fusion. c. convection. 

b. conduction. d. radiation. 

19. Identify the heat transfer that Is used most often In the refrigeration field. 

a. Latent heat of fusion c. Convection 

b. Conduction d. Radiation 

20. The amount of force exerted on a substance per unit area Is the definition for 

a. volume. c . gas. 

b. pressure. d. liquid. 
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21. The air that surrounds the earth has weight and exerts pressure* This 1s called 

a, volume. c. absolute pressure. 

b. mercury. d. atmospheric pressure. 

22. If you had a pressure gage reading of 25 pslg, what would be the absolute pressure? 

a. 11.3 psla c. 39.7 psla 

b. 25.0 psla d. 49.7 psla 

23. The pressure gage most commonly used In the field by refrigeration technicians Is the 

a. manometer tube. c. Bourdon tube. 

b. barometer tube. d. Tori eel 11 tube. 

24. Identify which pressure gage measures pressures above and below atmospheric pressures. 

a. Compound pressure gage c. Suction pressure gage 

b. Torlcelll pressure gage d. Absolute pressure gage 

25. The following formula ViPi ■ V?P? Is the expression of which law effecting 
Pressure-Temperature-Volume relationships? 

a. Boyles 1 law c. General gas law 

b. Charles 1 law d. None of the above 

26. The following formula ?1 « D and h « Jl Is the expression of which law 

V2 T2 P2 T2 
effecting Pressure-Temperature-Volume relationships? 

a. Boyles 1 law c. General gas law 

b. Charles' law d. None of the above 

27. What Is the basic purpose of the refrigeration cycle? 

a. To make life more comfortable 

b. To keep, food from getting cold 

c. To reduce bacteria growth 

d. To remove unwanted heat from a space and discharge It Into another space 

28. What two pressures would you find In the refrigeration cycle? 

a. Evaporator pressure and low pressure 

b. Condenser pressure and high pressure 

c. Evaporator pressure and condenser pressure 

d. None of the above 

29. If you could separate the refrigeration cycle Into 2 parts, one high pressure and the 
other low pressure, which components would be the dividing line? 

a. Evaporator and condenser c. Metering device and drier 

b. Receiver and compressor d. Metering device and compressor 

30. The unit which measures the amount of heat removal and thereby Indicates the capacity 
of the refrigeration system Is known as the 

a. refrigeration ton. c. absorption ton. 

b. British thermal unit. d. mechanical unit. 

31. In a mechanical refrigeration system, what Is the purpose of the refrigerant? 

a. It lubricates the components of the system. 

b. It absorbs heat from a place where 1t Is not wanted and rejects It elsewhere. 

c. It absorbs heat at a low temperature , and when compressed to a higher 
temperature, releases the absorbed heat to a cooling medium, thus affecting a 
heat transfer. 

d. Both b and c 
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32. Refrigerants, In common use today, are fluids and are affected 

by » , and in a 

manner similar to water. " 

a. temperature, pressure, and volume c. temperature, heat, and volume 
heat » temperature, and pressure d. pressure, volume, and heat 

33. If a leak occurs, what three chemical properties of a refrigerant must be considered? 

a. Flammablllty, exploslveness , and stability 

b. Exploslveness, toxicity, and density 

c. Toxicity, flammablllty, and exploslveness 

d. Density, volume, and latent heat content 

34# the q f5u?th? 33> y ° U 1dent1f1ed three chem *cal properties of a refrigerant, what Is 

? * S! n *!& c. Flammablllty 

b. Stability dt Exploslveness 

35. Critical temperature and pressure are two Important physical properties of a 
IS28!^ ° ther phySlCdl P r °P ert1es that ™ st ^ considered when 

a. Boiling point, freezing point, and stability 

b. Boning point, mlsclblllty, and stability 

c Mlsclblllty, freezing point, and boiling point 
d. Mlsclblllty, freezing point, and exploslveness 

36. Define primary refrigerant. 

a. Fluids used in air-conditioning and refrigeration systems as heat carriers 

b. Fluids that are a combination of two or more refrigerants 

c. Fluids that lubricate the components of the system 

d. Fluids used In the refrigeration system which are flammable, corrosive, and toxic 

37. Of the following substances, which are classified as secondary refrigerants? 

a. Fluorocarbon, halogen, and azeotropic 

b. Brine, air, and azeotropic 

c. Water, air, and brine 

d. Air, water, and R-12 

38. What are the two most prominently used refrigerants in the Marine Corps today? 

a. R-ll and R-502 c . R-12 and R-115 

b. R-22 and R-114 d. R-22 and R-12 

39. In order for refrigerant R-12 to become a health hazard, what must occur? 

a. Nothing because R-12 is nonpolsonous and nonexploslve 

b. An accumulated leakage in a ventilated space or when it comes In contact with a 
low- temperature flame 

c. An accumulated leakage In a nonvent11at«d space or when It comes in contact with 
a high-temperature flame 

d. An accumulated leakage In a nonventilated space or when it comes In contact with 
a low- temperature flame 

40# !nl!JL°^ rles M n c ° ncentrat1 ? ns of less than 20* by volume In air; In higher 
concentrations, Its odor resembles * 

a. mustard. c . carbon tetrachloride. 

b. carbon dioxide. d. azeotropic. 

41. At atmospheric pressure, identify the temperature at which R-12 will boll. 

a. -21.70 F c . -40° F 

b. -28.70 C d. 380 F 

e. 70° to 75° F 
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42. Identify the refrigerant that Is considered an Ideal refrigerant because of Its high 
stability and low operating pressures and temperatures. 

a. R-ll c. R-22 

b. R-12 d. R-502 

43. Which refrigerant Is used In units that can maintain temperatures as low as -20° to 
-40° F? 

a. R-ll c. R-ll 

b. R-22 d. R-502 

44. If R-22 Is at atmospheric pressure, what Is t*>e temperature at which It will boll? 

a. -21.70 f c. -38.50 F 

b. -31.70 F d. -410 F 

45. Identify the refrigerant that Is often used as a flushing agent. 

a. R-ll c. R-22 

b. R-12 d. R-502 

46. R-ll will remain a liquid at atmospheric pressure up to temperatures as high as 

a. 65° F. c. 75° F. 

b. 70° F. d. 80° F. 

47. Identify, at atmospheric pressure, the boiling point of R-502. 

a. -40° F c. -60.4° F 

b. -50.10 F d. -65.80 F 

48. Identify the only type of compressor In which R-502 can be used. 

a. Centrifugal c. Reciprocating 

b. Rotary d. Combination rotary and reciprocating 

49. In a refrigeration system designed for R-12 to boll at 24°F and condense at 
102°F, what would be the condensing pressure? 

a. 120.86 psla c. 135.54 psla 

b. 120.86 pslg d. 135.54 pslg 

50. Identify the evaporator pressure for the conditions In question 49. 

a. 38.574 psla c. 23.878 psla 

b. 38.574 pslg d. 23.878 o?.1q 

51. Identify the refrigeration effect for the conditions In question 49. 

a. 48.32 Btu/lb c. 108.81 Btu/lb 

b. 66.39 Btu/lb d. 151.03 Btu/lb 

52. Identify the density of R-22 vapor at 32° F. 

a. 1.326 lb/ft3 c. 13.26 lb/«3 

b. 1.326 lb/ft d. 13.26 Btu/lb 

53. Select the correct total heat content of R-22 vapor at -28° F. 

a. 107.93 Btu/ft3 c. 101.86 Btu/ft 3 

b. 107.93 Btu/lb d. 101.86 Btu/lb 

54. Identify the absolute pressure of R-22 at a temperature of 46° F. 

a. 42.656 psla c. 57.352 psla 

b. 44.651 psla d. 59.347 psla 
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55. Assume that you have a refrigeration system designed to use R-12, rated at 36,000 
?J^ h r # The eva P° rator temperature Is 28° F and the condensing temperature Is 
100° F. Oetermlne the quantity of refrigerant, In pounds per minute, required to 
circulate In the system to obtain the desired cooling level. 

a. 734.69 Ib/mln c . 12.245 Ib/mln 

b. 73.46 Ib/mln <j. 1.225 Ib/mln 

56. Identify what may occur If compressed gases are not Identified and handled properly. 

a. Nothing c# Personal Injury 

b. The gas may escape d. Personal Injury and property damage 

57. Oecals on compressed gas cylinders show the amount of pressure to be retained In the 
cylinder for refilling. Identify two other statements found on the decal. 

a. Name of the gas and the maxlmun pressure 

b. Proper handling precautions and weight 

c. Name of the gas and proper handling precautions 

d. The pressure and weight of the gas 

58. Identify the means which Indicate the proper amount of refrigerant has been 
transferred to a service cylinder. 

a. Weight c. Temperature 

b. Pressure d. Heat 

59. In refilling refrigerant cylinders, what Is the maxlmun quantity of refrigerant that 
should be transferred to the cylinder? 

a. 80X c. 90X 

b. 85* d. 95% 

60. In an open storage are, what protection Is accorded refrigerant cylinders In the 
winter? 

*■ None c. Protection from direct rays of the sun 

b. Protection from Ice and snow d. Protection from other units 

61. In an open storage area, what protection is accorded refrigerant cylinders In the 
summer? 

a. Protection from other units c. Protection from the direct rays of the sun 

b. Protection from Ice and snow d. None 

62. Identify an Important aspect 1n the maintenance of the mechanical components of a 
refrigeration system. 

a. An Increase the refrigerant vapor flow 

b. Reduce friction damage 

c. Increase the components of a unit 

d. Maintain the velocity of the vapor 

63 What Is the viscosity of a lubricating oil? 

a. The temperature at which It will flow 

b. The temperature at which the wax will be visible 

c. The process that Is used to remove hydrocarbons from the oil 

d. Simply stated. Its thickness 

64. Identify the two principal methods used to lubricate the compressor In a 
refrigeration system. 

a. 10W and 30W systems c . Splash and pressure systems 

b. Splash and hand pump systems d. Pressure and vapor systems 
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65. Whit 1s the purpose of an oil separator In the refrigeration system? 

a. To return the oil to the compressor as soon as possible 

b. To separate the chemicals In the oil 

c. To remove wax from the refrigeration oil 

d. To maintain the velocity of the refrlgeratant vapor 

66. A mixed base 1s one of the three main categories of refrigerant oils. What are the 
other two? 

a. Floe base and dielectric base c. Paraffin base and naphthene base 

b. Paraffin base and wax base d. Naphthene base and wax base 

67. What must you wear prior to entering a space that contains a system that uses a 
highly toxic refrigerant. 

a. Gloves c. Gas mask 

b. Coat d. Face shield 

68. In the event that you must replace the evaporator In a system, what should you do 
first before opening the system? 

a. Release the pressure In the system to 1 or 2 psl. 

b. Nothing, just remove the evaporator. 

c. Change the oil in the compressor. 

d. Add more refrigerant so that the system Is full. 

69. If one of your men working for you was to get refrigerant R-12 on his arm, how would 
you treat It? 

a. Give him CPR. 

b Tell him to just lay down for a couple of hours. 

c. Wash his arm 1n Ice cold water. 

d. Treat the affected area of the arm for frostbite. 

70. Ice, evaporative, and dry Ice are three refrigeration systems, Identify the remaining 
two. 

a. Absorp^on and compression systems 

b. Ammonia and carbon dioxide systems 

c. Compression and sealed systems 

d. Mechanical and sealed systems 

71. The most commonly used refrigeration system employed today Is the 

a. sealed system. c. absorption system. 

b. vapor compression system. d. Ice system. 

72. There are four major components In the mechanical refrigeration system. Two of these 
are the evaporator and compressor. What are the remaining two components? 

a. Condenser and receiver c. Receiver and metering device 

b. Metering device and condenser d. Heat exchanger and condenser 

73. Cylinders that are arranged In one straight line In a reciprocating compressor are 
known as 

a. M V M arrangement. c. radial arrangement. 

b. N W N arrangement. d. Inline arrangement. 

74. In the stationary blade rotary compressor, the blade Is held against the roller by 

a. centrifugal force. c. a spring. 

b. an eccentric center. d. liquid pressure. 

75. An advantage of a hermetic compressor over an open type compressor Is that there Is 

a. a better oil seal. c. a better arrangement of blades. 

b, no shaft spring. d. no shaft seal. 
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76. What Is the most common symptom of a defective compressor? 

a. Loose drive belt c . Charred casing 

b - Noise d. Abnormal pressure 

77. When troubleshooting for an electrical malfunction In an hemetlc system, you should 
first check the 

a. thermostat. c . defrost control. 

b. electrical power. d. overload protector. 

78. The number of amperes a 250 MFD capacitor at 120 volts, 60 cycle will draw Is 

a. 5 amperes. c. 11 amperes. 

b. 7 amperes. d. 17 amperes. 

7g. The rate of heat transfer that takes place In the condenser depends on all of the 
folloHng EXCEPT the 

a. surface area. c . amount of cooling medium. 

b. type of cooling medium. d. superheating temperature. 

80. What does an air-cooled condenser use as Its cooling medium? 

a. Saturated air c . Convection air 

b. Ambient air d. Humid air 

81. To control the condensing pressure of a flooded condenser, a Umlter valve Is 
Installed at the 

a. inlet of the condenser. c. Inlet of the compressor. 

b. outlet of the evaporator. d. outlet of the condenser. 

82. A water-cooled condenser has all of the following advantages except 

a. they are compact. c. they use a lower head pressure. 

b. they are easy to maintain. d. they Increase condensing unit capacity. 

83. Which type of condenser Is used as a receiver? 

a. Shell and coll c. Shell and tube 

b. Double tube d. Evaporative 

84. The refrigerant enters the evaporator from the 

a. flow control. c. receiver. 

b. compressor. d. condenser. 

85* Identify th4 purpose of the accumulator In a flooded type evaporator. 

a. It traps the vapor In liquid carryover. 

b. It separates liquid from vapor carryover. 

c. It engulfs the vapor for future use. 

d. It entraps the liquid for future use. 

86. Defrosting evaporators are used where temperatures 

a. never go below 32° F. 

b. never go above 32° F. 

c. are below 32° F (compressor running) and above 32° F (compressor not running). 

d. are above 32° F (compressor running) and below 32° F (compressor not running). 

87. Why 1s a plate evaporator Ideal for use 1n the fast freezing of foods? 

a. It serves as a shelf. c. It lowers the cost of freezing. 

b. It 1s compact. d. It is easily repairable. 
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88. The secondary refrigerant that Is used In the tank-type coolers below 32° F 
temperature 1s 

a. distilled water. c. a mixture of various refrigerants. 

b. brine. d. any type of liquid. 

89. The minimization of flash gas Is a result obtained by the use of a(n) 

a. filter-drier. c. oil separator. 

b. heat exchanger. d. evaporator. 

90. Identify the location of the oil separator In the refrigeration system. 

a. Between the receiver and condenser 

b. Between the evaporator and compressor 

c. Between the evaporator and receiver 

d. Between the compressor and condenser 

91. Each of the following sources results In moisture In a refrigeration system EXCEPT 

a. leakage from the heat exchanger, c. low side leaks. 

b. contaminated oil. d. leakage during repairs. 

92. Where are vibration absorbers usually located In a refrigeration systems? 

a. In the suction and discharge lines 

b. In the evaporator and condenser 

c. In the sight glass and oil separator 

d. In the compressor and discharge line 

93. Where are mufflers usually located In refrigeration systems? 

a. Suction line to the compressor 

b. Liquid line to the metering device 

c. Discharge line to the conuenser 

d. Liquid line to the heat exchanger 

94. When a system has a low refrigerant charge the sight glass will Indicate this by 

a. visible bubbles. c. being empty. 

b. an oil film. d. water spots. 

95. Which one of the following pressure relief devices has an alloy center? 

\. A spring-loaded safety valve c. A ruptured disk 

b. A pressure relief valve d. A fusible plug 

96. Which one of the following water regulating valves Is probably the most popular? 

a. Electric c. Thermostatic 

b. Pressure-operated d. Electronic 

97. Which of the following pressures activates a bellows and opens a suction pressure 
control valve? 

a. 10 psl c. 30 psi 

b. 20 psl d. 40 psl 

98. In a two-temperature Installation, a check valve Is Installed to 

a. shut off one temperature. c. prevent vapor passage during off cycle. 

b. regulate the temperature. d. prevent liquid flow during on cycle. 

99. What Is the basic component of a defrost timer? 

a. A heating element c. A solenoid bypass valve 

b. A fan element d. A self-staring clock 
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100. The size of the valve port In the direct-acting sollnold valve Is limited by the 

a. coll size. c . armature. 

b. valve seat. d. pressure differential. 

101. In automatic expansion valves, Identify the element that Is above the diaphragm to 
act as a cushion. ' 

a. Moist air c. Atmospheric pressure 

b. Nitrogen gas d. Refrigerant vapor 

102. The automatic expansion valve Is designed to maintain a fairly constant pressure In 
the evaporator. How much fluctuation In pressure is permlssable? 

a. 1/8 psl c. 1/2 psl 

*>• 1/4 psl d. 1 psl 

103. The thermostatic expansion valve maintains a fully active evaporator by malntalnlna 
a constant degree of * 

a. dry air. c. pressure. 

b. refrigerant. d. superheat. 

104. Of the sizes below, which best represents the size of suction lines which have the 
thermal bulb positioned at 8 o'clock? 

V2 Inch c. 2 Inches 

b. 3/4 Inch d. 3 Inches 

105. Which of the following statements Is NOT an advantage of the gas-charged valve? 

a. It prevents flooding of the evaporator in an off cycle. 

b. It allows rapid pulldown. 

c. It prevents overloading of the compressor motor. 

d. It allows use on low- temperature application. 

106. The capillary tube is located between what two components in a refrigeration system? 

a. Compressor and condenser c. Evaporator and receiver 

b. Condenser and evaporator d. Receiver and compressor 

107. When does a capillary tube require a replacement which Is exactly the same as the 
orl glnal ? 

a. When clogged or bent c. After 1,000 hours of operation 

b. When broken or plugged d. Every 6 months 

108. The purpose of the motor control In a system Is to 

a. prevent overloading of the compressor motor. 

b. maintain a relatively constant temperature within the refrigerated space. 

c. allow rapid pulldown. 

d. prevent flooding of the evaporator In the off cycle. 

109. Where 1s the thermostatic motor control power element attached In a unit. 

a. On the condenser c. On the compressor 

b. On the evaporator d. on the receiver 

110. What activates the tube in a bourdon tube type control? 

a. Temperature c. Pressure 

b. Volume d. Humidity 

111. What Is the most useful Item In the adjustment of controls? 

a. Pressure gage c . F/E chart 

b. P/T chart d. Pressure control setting chart 
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112. Which of the following malfunction conditions will give the same Indication as a 
loss of charge of the power element? 

a. Kinked tube c. Worn points 

b. Frosted tube d. Pressure control setting out of adjustment 

113. Motors are basically classified Into what two groups? 

a. AC and single-phase c. Magnetic and nonmagnetic 

b. Single and polyphase d. Rotating and stationary 

114. As a refrigeration technician, what are the three types of motors you would expect 
to find driving open type compressor? 

a. Shaded pole, capacitor, and permanent split-capacitor 

b. Repulsion-start induction, capacitor- start induction, and Induction polyphase 

c. Capacitor-run, capad tor-start Induction, and universal 

d. Capacitor-start Induction, Induction two-phase, and shaded pole 

115. Identify the two types of motors used most, often In hermrtlc compressors. 

a. Split phase and shaded pole 

b. Capacitor run and permanent split-capacitor 

c. Capacitor-start Induction and Induction two-phase 

d. Capacitor and shaded pole 

116. As the temperature of air Increases, the amount of moisture the air can hold 

a. Increases. 

b. decreases due to pressure- temperature relationship. 

c. decreases due to the dewpolnt temperature In the air. 

d. remains the same. 

117. What Is wet-bulb temperature? 

a. The temperature at which air condenses 

b. The temperature at which air Is saturated 

c. The difference 1n temperature between the dry-bulb and dew-point temperatures 

d. The temperature at which air ceases to *e cooled by the process of evaporation 

118. The amount of heat required to raise one pound of a substance 1° F Is called 

a. total heat. c. specific heat. 

b. latent heat. d. enthalpy. 

119. The psychometric chart Is used to 

a. analyze the cleanliness of air. 

b. analyze the relationship of the properties of air. 

c. calculate the volume of air that passes through a cooling coll. 

d. calculate the amount of air to be suppllec to the conditioned space. 

120. To begin a plotting procedure on the psychrometrlc chart, you must know the 

a. dewpolnt and wet-bulb temperatures. 

b. grains of moisture and specific heat. 

c. wet-bulb and dry-bulb temperatures. 

d. dry-bulb and dewpolnt temperatures. 

Referring to the psychrometrlc chart provided 1n the course, determine the following: 

121. If the wet-bulb temperature Is 57° F and the dry-bulb temperature Is 65<> F, what 
1s the relative humidity? 

a. 57 percent c. 65 percent 

b. 61 percent d. 70 percent 
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122. Using the wet and dry-bulb temperatures in the preceding question, what Is the heat 
content? 



a. 17.0 Btu c. 24.5 Btu 

b. 19.5 Btu d. 30.0 Btu 

123. Identify the purpose of the anemometer. 

a. To measure the amount of air that passes through a cooling coll 

b. To analyze the cleaning of air 

c. To control the temperature and humidity of air 

d. To measure air velocity In linear feet 

124. In using the anemometer, in which sequence do you read the dials? 

a. Left, right, and then center c. Center, left, and then right 

b. Right, left and then center d. Center, right, and then left 

.15. A pitot tube Is used In conjuctlon with a manometer If 

a. the proper size jet is not available. 

b. the manometer Is that of an Inclined type. 

c you need to take the velocity pressure reading in hard'to get to places, 
d. the velocity pressure in a duct Is greater than the design limits of the 
manometer. 

126. To measure the pressure of air In Inches of water, you would use a(n) 

a. pitot tube. c. velometer. 

b. manometer. d. anemometer. 

127. Identify the pressure within the duct system that the manometer measures? 

a. Static pressure 

b. Velocity pressure 

c. Number of feet of air which will pass through a duct area In one minute 

d. Pounds of air 

128. For what purpose is the velometer used? 

a. To measure the air pressure in the duct system 

b. To measure the air velocity in the duct system 
c To measure the air density in the duct system 

d. To measure the air temperature in the duct system 

129. When a filter Is supplied with the velometer, the filter 

a. is most always used. 

b. should be used only In dusty areas. 

c. must be omitted In dust-free areas. 

d. should be used only In kitchen areas. 

130. Identify what will occur If the filter that Is supplied with the velometer Is 
omitted. 

a. Nothing should happen 

b. The Instrument will give a false reading 

c. The minimum number of readings must be reduced by three 

d. The minimum number of readings must be doubled 

131. Why should window air conditioners be Installed with the outside portion of the unit 
titled down slightly? H 

a. To aid oil return to the compressor 

b. To force the cool air from the unit to flow in an upward direction 

c. To help drain the condensate to the outside 

d. To reduce the friction applied to the fan motor bushings 
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132. A window air conditioner Is to be Installed so It Is outside flush mounted. This 
means that the 

a. outer face of the unit Is flush with the outside wall. 

b. Inner face of the unit Is flush with the outside wall. 

c. outer face of the unit Is flush with the Inner wall. 

d. Inner face of the unit Is flush with the Inner wall. 

133. Evaporative cooling Is successful under what type of atmospheric condition? 

a. Low dew-point temperature c. High relative humidity 

b. High wet-bulb temperature d. Low relative humidity 

134. What determines the location and type of supporting structure required for an 
evaporative cooler? 

a. Ambient temperature and direction of air flow 

b. Water pressure and type of filters 

c. Model and size 

d. Size and style 

135. If an air-cooled condenser Is part of a floor mounted air conditioning unit, the 
condenser must be 

a. centered over a condensate sump. 

b. connected to a valve. 

c. ducted to the outside for cooling. 

d. connected to a circulating pump. 

136. Which of the following Is NOT a type of evaporator used In central air-conditioning 
units? 

a. A- type c. Flat type 

b. Slant type d. Round type 

137. When you lubricate air-conditioning unit bearings, you should 

a. wipe grease fittings and surrounding surfaces clean before applying lubricants. 

b. keep lubricants In open containers. 

c. oil the bearings while the air handler Is running. 

d. not worry about getting lubricants or rubber parts. 

138. A lack of proper bearing lubrication will cause 

a. bearings to become dirty. 

b. excessive wear and seizing of bearings. 

c. proper distribution of the lubricant. 

d. a prolonged period of operation. 

139. Once a bearing has been adjusted, It must be checked periodically for 

a. the proper size jets. c. a slow rate of speed. 

b. volumetric titration. d. slippage and binding. 

140. When the unit Is off, a belt check will reveal whether or not the pulleys are out of 
alignment. How Is this determined? 

a. By excessive wear on the edge of the belts 

b. By excessive wear on the edge of the shaft 

c. By percent of lithium bromide on the belts 

d. By the troughs being slotted 

141. Why must the pulley be alined properly? 

a. To prevent damage to the shaft 

b. To prevent excessive bearing wear and possible failure 

c. To prevent the slots from wearing out 

d. To avoid getting lubricants on the rubber Insulation 
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